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INTRODUCTION*
There had been  a l a r g e  o u tb re a k  o f  ph lebotom us,  
o r  s a n d f l y  f e v e r ,  among n a v a l  p e r s o n n e l  i n  M alta  i n  1944, 
and i t  seemed p ro b a b le  t h a t  a  s i m i l a r  o u tb r e a k  m ight  be 
e j e c t e d  to  occur  in  194-5 • Such an e v e n t  would have 
s e r i o u s l y  i n t e r f e r e d  w i th  the  e f f i c i e n c y  o f  th e  n a v a l  b a s e .
I t  would,  m oreover ,  have c o m p l ic a te d  th e  t r a i n i n g  and 
manning o f  the  H.M. s h ip s  which were u s in g  M al ta  a s  a 
f i n a l  ’work ing  u p 1 b a s e ,  p r i o r  to  j o i n i n g  t h e  F l e e t s  in  
th e  F a r  B a s t  f o r  th e  war a g a i n s t  J a p a n .  I t ,  t h e r e f o r e ,  
became o p e r a t i o n a l l y  im p o r ta n t  t h a t  th e  number o f  c a s e s  o f  
s a n d f l y  f e v e r  o c c u r r i n g  d u r in g  t h e  summer o f  194*5 shou ld  
be k e p t  a s  low a s  p o s s i b l e .
The m i l i t a r y  s i g n i f i c a n c e  o f  t h i s  d i s e a s e  has  
been s t r e s s e d  by Megaw ( 1944 ) and o t h e r s .  Sabin  and h i s  
co -w o rk e rs  ( 1944^) s t a t e d  t h a t  v /h i le  th e  d i s e a s e  was s e l f  
l i m i t e d  and t h e r e  were no f a t a l i t i e s ,  i t s  m i l i t a r y  im portance 
l a y  i n  the  f a c t  t h a t  i t  c o u ld  i n c a p a c i t a t e  l a r g e  numbers o f  
men f o r  p e r i o d s  o f  seven to  f o u r t e e n  days or  lo n g e r  a t  a time 
when t h e i r  s e r v i c e s  might  be needed  m ost .
Owing t o  the  h a b i t s  o f  th e  v e c t o r ,  and the
i n f e c t i o n  o f  th e  immature ph lebotom us in  the  b r e e d in g  g rounds ,  
c o n t r o l  o f  th e  sp r e a d  of  t h i s  d i s e a s e  has  a lways been d i f f i c u l t .  
The m easu res  a d v i s e d  by W hit t ingham and Rook (1923^) i n  t h e i r  
c l a s s i c a l  p a p e r  e n t i t l e d  “The P r e v e n t i o n  o f  Phlebotomus Fever"  
a r e  more s u i t e d  f o r  peace t im e e s t a b l i s h m e n t s  th a n  a c t i v e  
s e r v i c e  c o n d i t i o n s ,  and r e q u i r e  t im e ,  m a t e r i a l s  and much
l a b o u r .  These were n o t  a v a i l a b l e  i n  M al ta  i n  the  e a r l y
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months o f  194-5 a s  the  n a v a l  base  had an im p o r ta n t  r o l e  to  
p l a y  in  th e  s t r a t e g y  o f  th e  war i n  I t a l y ,  and i n  th e  P a c i f i c .  
At the  o u t s e t ,  the  epidemic showed s ig n s  o f  b e in g  a t  l e a s t  
a s  s e v e re  a s  i n  the  p r e v io u s  y e a r .  However, s u p p l i e s  o f  
th e  i n s e c t i c i d e  1 . 1 b i s  (p - c h lo r o p h e n y l )  -  2 . 2 . 2 
t r i c h l o r o e t h a n e , commonly c a l l e d  DDT, a r r i v e d  i n  June .
I t  i s  my subm ission  that la r g e ly  by the use o f  t h i s  
substance the epidemic was c o n t r o l le d .
The scope o f  t h i s  T h e s i s  i s J -
( i )  To r ev iew  and summarise e x i s t i n g  knowledge
o f  ph lebotomus f e v e r ,  and r e c o r d  c e r t a i n  
o r i g i n a l  o b s e r v a t i o n s .
( I I ) To d e s c r ib e  the  p r o j j e r t i e s  and a c t i o n  o f
DDT, t o g e t h e r  w i th  th e  methods o f  use and 
p e r s o n a l  e x p e r ie n c e  w i t h  th e  i n s e c t i c i d e .
( I I I )  To d i s c u s s  the  ep idem io logy  of  t h e  d i s e a s e ,
w i t h  s p e c i a l  r e f e r e n c e  to  th e  o u tb r e a k s  among 
n a v a l  p e r s o n n e l  i n  M alta  i n  1944 and 194-5 •
(IV) To d e s c r i b e  the  m easu res  used  f o r  th e
c o n t r o l  o f  the  194-5 e p id e m ic ,  and d i s c u s s  
th e  r e s u l t s  o b t a in e d .
These o b s e r v a t i o n s  were c a r r i e d  o u t  i n  M al ta  
from F e b ru a ry ,  194-5» t i l l  December, 194-5 * w h i l s t  I  was 
s e r v in g  a s  Naval H e a l th  O f f i c e r  on t h e  S t a f f  o f  V ice -A dm ira l ,  
M a l ta ,  and C e n t r a l  M e d i te r r a n e a n  A rea .  I  was r e s p o n s i b l e  
f o r  a d v i s i n g  on th e  p r e v e n t i v e  m easu res  to  be a d o p te d ,  and 
f o r  th e  a d m i n i s t r a t i v e  d i r e c t i o n  o f  t h e  scheme f o r  t h e  
c o n t r o l  o f  th e  e p id e m ic .  I  examined some 500 c a s e s  o f
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s a n d f ly  f e v e r ,  and made a d e t a i l e d  s tu d y  of  153 c a s e s .
I  wish t o  e x p r e s s  my in d e b te d n e s s  to  Surgeon 
C ap ta in  W. H. Murray, R.N, the  M edica l  O f f i c e r  i n  Charge 
o f  th e  Royal Naval H o s p i t a l ,  M a l ta ,  f o r  encouragement and 
a d v i c e .  My th a n k s  a r e  due a l s o  to  my p r e d e c e s s o r ,
Surgeon Commander R. J .  M atthews, R.N.V.R, whose r e c o r d s  
p r o v id e d  t h e  b a s i c  d a t a  f o r  the  s tu d y  o f  the  o u tb r e a k  in  
1944 . I  am beho lden  to  S ick  B e r t h  P e t t y  O f f i c e r  
( S a n i t a r y  I n s p e c t o r )  D. R edgew el l ,  and Leading S ic k  B e r th  
A t te n d an t*  G. T. W. Davies f o r  a s s i s t a n c e  w i th  r e c o r d  
k e e p in g .  These r a t i n g s  a l s o  t a u g h t  c o n t r o l  methods to  
th e  a n t i - s a n d f l y  p a r t i e s  i n  H.M. S h ips  and E s t a b l i s h m e n t s .  
Not l e a s t  a r e  my th a n k s  due to  th e  S en io r  Medical  O f f i c e r s  
and o t h e r s  i n  M a l ta  f o r  i n t e r e s t  shown i n  th e  i n v e s t i g a t i o n ,  
and f o r  a s s i s t a n c e  i n  t h e  c o l l e c t i o n  o f  a c c u r a t e  r e c o r d s .
*Section !•
Review Of Existing Knowledge, Together Vith 
Certain Original Observations•
5D e f in it io n *
Phlebotomus f e v e r  i s  a s p e c i f i c  f e v e r  o f  s h o r t  
d u r a t i o n  which  i s  c h a r a c t e r i s e d  by sev e re  f r o n t a l  h eadache ,  
f l u s h e d  f a c e ,  s u f f u s e d  c o n j u n c t i v a e , t e n d e r  e y e b a l l s  and 
p h o to p h o b ia ;  p a i n s  i n  the  b ack ,  l im bs  and e y e s j  slow p u l s e ,  
a n o r e x i a  and p r o s t r a t i o n .  The i n f e c t i v e  a g e n t  i s  an 
u l t r a m i c r o s c o p i c  v i r u s  which i s  i n t r o d u c e d  by th e  b i t e  o f  a  
midge o f  th e  genus Phlebotom us.  The f e v e r  l a s t s  on the  
ave rage  t h r e e  d ay s .  There i s  no m o r t a l i t y ,  b u t  c o n v a l ­
e scen ce  may be slow and accompanied by weakness  and m en ta l  
d e p r e s s i o n .
Name8 f o r  the P ev e r .
The d i s e a s e  i s  nowadays known a s  phlebotomus 
f e v e r ,  o r  s a n d f l y  f e v e r .  The form er  i s  th e  b e t t e r  name, 
a s  th e  v e c t o r  i s  n o t  o r d i n a r i l y  co n n e c te d  w i th  sand ,  and 
th e  te rm  ’ s a n d f l y 1 i s  a p p l i e d  l o o s e l y  to  d i f f e r e n t  i n s e c t s  
i n  v a r i o u s  p a r t s  of  t h e  w or ld .  As Newstead (1911) p o i n t e d  
o u t ,  th e  p a p a t a s i i  f l i e s  be long  t o  t h e  genus Phlebotomus -  
t h a t  i s ,  th e  b lo o d  suck ing  p sy chod id  f l i e s .  I t  would 
ap p e a r  t h a t  the  u s u a l  b i t i n g  i n s e c t s  found  i n  sandy p l a c e s  
be long  to  th e  genus C u l i c o i d e s ,  (Sab in  e t  a l .  I9441 ) .  In  
my e x p e r i e n c e ,  the  common ’ s a n d - f ly *  which b i t e s  b a t h e r s  i n  
th e  M e d i t e r r a n e a n  a r e a  a t  dusk i s  a  c u l i c i n e  m o sq u i to .  In  
M a l ta ,  t h i s  i n s e c t ,  which i s  a p a r t i c u l a r l y  v i c i o u s  b i t e r ,  
b r e e d s  i n  s a l t  w a te r  p o o l s  or  s a l t  p an s  on th e  rocky  f o r e s h o r e .
In  th e  p a s t ,  t h e  f e v e r  h a s  been  d e s c r i b e d  under 
a  v a r i e t y  o f  names. The commonest w ere  p a p p a t a c i  f e v e r ,
6t h r e e  day f e v e r ,  M e d i te r r a n e a n  dengue,  summer i n f l u e n z a ,  
summer f e v e r ,  f e b r i c u l a ,  s im ple  c o n t in u e d  f e v e r ,  s o ld a t e n  
f i e b e r ,  a c c l i m a t i z a t i o n  f e v e r ,  endemic c l i m a t i c  g a s t r o ­
e n t e r i t i s ,  C h i t r a l  f e v e r ,  and h u n d s k ra n k h e i t  o r  •dog d i s e a s e 1; 
the  f l u s h e d  f a c i e s  w ith  the  b lo o d s h o t  eyes  was th o u g h t  to 
r e sem ble  the f a c e  of a m a s t i f f .
H i s t o r i c a l .
The e a r l i e s t  r e p o r t s  of  th e  d i s e a s e  i n d i c a t e
t h a t  i t  was r e c o g n i s e d  c l i n i c a l l y  a t  t h e  b e g in n in g  o f  the
1 9 th  Cen tury  ( B i r t  I9IO1 , B i r t  1913, W hit t ingham I9221 ) .
P i c k  ( 1886 ) h a s  been c r e d i t e d  a s  t h e  f i r s t  o b s e rv e r  to  have 
d e s c r i b e d  th e  c o n d i t i o n  as  a c l i n i c a l  e n t i t y .  B i r t  ( I9IO1) 
q u o ted  a d e s c r i p t i o n  of th e  d i s e a s e  w r i t t e n  i n  1804 by Pym, 
an Army M edica l  O f f i c e r ,  then  gave t h e  f o l l o w i n g  e x t r a c t  from 
a t r e a t i s e  on t h e  s u b j e c t  by a famous Naval S u rg eo n :-  
"W ill iam  B u r n e t t  (A P r a c t i c a l  Account 
Of The M e d i te r r a n e a n  P ev e r ,  l 8 l 6 )  s t a t e s Z -
"Towards the  end of  June o r  commencement
o f  J u l y  s l i g h t  a t t a c k s  of  f e v e r  b eg in  t o  p r e s e n t  
t h e m s e l v e s .  The p a t i e n t  c o m p la in s  o f  c o n s i d e r ­
a b le  h ea d ach e ,  w i t h  n a u sea  and p r o s t r a t i o n  o f  
s t reng th* .  The eyes  a r e  somewhat s u f f u s e d  and
th e  coun tenance  f l u s h e d .  The tongue i s  w h i te  
and m o i s t .  The sk in  i s  a t  t im e s  m o is t  and t h e
te m p e ra tu r e  b u t  l i t t l e  i n c r e a s e d ,  a t  o t h e r  t im e s  
i t  i s  d ry  and t h e  h e a t  p u n g e n t .  In  some c a s e s  
any i n c r e a s e  i n  th e  v e l o c i t y  o f  th e  p u l s e  i s  
s c a r c e l y  p e r c e p t i b l e .  There i s  commdnly
7c o n s t i p a t i o n  and l o s s  o f  a p p e t i t e .  T h is  i s ,  
f o r  t h e  most p a r t ,  t h e  appea rance  o f  the  f e v e r  
o f  th e  summer in  i t s  f i r s t  a t t a c k .  G a s t r i c  
symptoms a re  seldom s e v e r e ,  th e  head  b e in g  th e  
o rg an  most m a t e r i a l l y  a f f e c t e d . 1111
In  t h i s  p ap e r  B i r t  th e n  summarised the d a t a  
c o n t a i n e d  i n  the  Army M edical  R e p o r t s ,  and o t h e r  s o u r c e s .  
During t h e  n i n e t e e n t h  c e n tu r y ,  ph lebotom us f e v e r  had  been 
i n c l u d e d  among th e  c o n t in u ed  f e v e r s  (such  as th e  e n t e r i c  
f e v e r s  and M a l ta  f e v e r ) ,  b u t  i n  a  number of  Army r e p o r t s ,  
f e v e r s  o t  s h o r t  d u r a t i o n  had been s e g r e g a t e d  under  th e  
h ea d in g s  o f  s im ple  co n t in u ed  f e v e r ,  o r  f e b r i c u l a .  From 
t h i s  s tu d y  B i r t  p roved  t h a t  t h e r e  was some m i ld e r  i n f e c t i o n  
c o n t a in e d  i n  th e  Army f i g u r e s  f o r  th e  c o n t in u e d  f e v e r s ,  i n  
a d d i t i o n  to  t h e  e n t e r i c  and M al ta  f e v e r s ,  and t h i s  i n f e c t i o n  
was n o t  a b o r t i v e  t y p h o id ,  a b e r r a n t  M a l ta  f e v e r ,  o r  m a l a r i a .  
He th e n  co n c lu d ed  -
"A survey  o f  t h i s  h i s t o r i c a l  ev id en ce  
r e n d e r s  i t  c l e a r  t h a t : -
(1) There have been o u tb r e a k s  o f  a  s h o r t  f e v e r  
ev e ry  summer in  M alta  s in c e  t h e  e a r l i e s t  m i l i t a r y  
a n n a l s .
(2 ) T h is  f e v e r  i s  s p e c i f i c ,  fo r  immunity i s  
a f f o r d e d  by a p r e v i o u s  a t t a c k .  With much monotony 
i t  i s  y e a r l y  r e c o r d e d  t h a t  the  r e c e n t  a r r i v a l s  a re  
th e  s u f f e r e r s . ”
B i r t ,  l o c .  c i t . ,  showed c l e a r l y  t h a t  th e  f e v e r  
p r e s e n t e d  a f a i r l y  d e f i n i t e  c l i n i c a l  p i c t u r e ,  and t h e  d a te
of  ap p ea ran c e  o f  th e  f i r s t  c a se s  o f  f e v e r  cou ld  be 
p r e d i c t e d  y e a r l y  w i th  r e a s o n a b le  a c c u ra c y .  However, 
he rem arked  t h a t  th e  d i a g n o s i s  o f  t h i s  f e v e r  m igh t  be 
f a r  from a s im ple  m a t t e r .
T a u s s ig  (1905) d e s c r i b e d  the  d i s e a s e  a s  
o c c u r r i n g  on t h e  A d r i a t i c  c o a s t ,  and accused  s a n d f l i e s  
a s  b e in g  t h e  v e c t o r s .
McCarrison (1906) d e s c r i b e d  t h e  d i s e a s e  a s  
a  s h o r t  t e rm  f e v e r  o c c u r r in g  i n  t h e  C h i t r a l  i n  1903. He 
gave a  good c l i n i c a l  d e s c r i p t i o n  of  phlebotomus f e v e r  under 
th e  name o f  C h i t r a l  f e v e r .  He obse rved
(a)  The p re se n ce  o f  l e u c o p e n i a  w i th  d im in u t io n  o f  
th e  po lym orphonuc lea r  l e u c o c y t e s .
(b) i t  was tlje l o c a l i t y ,  and n o t  t h e  i n d i v i d u a l  
which was i n f e c t i o u s .
(c)  A s t a y  o f  a few h o u r s  was enough to  o r i g i n a t e  
th e  f e v e r .
He f a i l e d  to  induce  th e  d i s e a s e  by p a i n t i n g  
t)ie t h r o a t s  o f  h e a l t h y  v o l u n t e e r s  w i th  p h a ry n g e a l  mucus 
from c a s e s  a s  he th o u g h t  the  d i s e a s e  m igh t  be sp rea d  by 
d u s t .  He a l s o  f a i l e d  to  rep ro d u ce  t h e  d i s e a s e  i n  h e a l t h y  
men by th e  i n o c u l a t i o n  o f  b lood  from p a t i e n t s ,  p ro b a b ly  
because  he drew o f f  th e  b lo o d  a f t e r  th e  f i r s t  24 hou rs  o f  
th e  d i s e a s e ,  o r  th e  n a t i v e  s u b j e c t s  he i n o c u l a t e d  were 
immune. He rem arked  t h a t  the  p e r i o d  of t h e  o u tb r e a k
c o r re sp o n d e d  i n  a  s t r i k i n g  manner w i th  t h e  appearance  o f  
p h le b o to m i .  The f e v e r  d id  n o t  occu r  when th e s e  were 
a b s e n t .  He ex p e r im en te d  u n s u c c e s s f u l l y  w i th  the  i n s e c t s ,
m a in ly  b ecau se  o f  t h e  g r e a t  d i f f i c u l t y  he found in  k eep in g
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them a l i v e  i n  c a p t i v i t y .
Manson-Bahr ( I945)  and B i r t  ( 19103 ) have 
d i r e c t e d  a t t e n t i o n  to th e  f a c t  t h a t  M cCarr ison  was j u s t  
on th e  v e rg e  of th e  d i s c o v e r y  ac h ie v e d  by Doerr i n  1908 
t h a t  the  f e v e r  was due to  an i n f e c t i v e  a g e n t  t r a n s m i t t e d  
by t h e  ph lebo tom us .
In  1908, an A u s t r i a n  m i l i t a r y  commission, 
c o n s i s t i n g  o f  D oerr ,  Franz and T a u s s ig  (1909)* a s  a  r e s u l t  
o f  o b s e r v a t i o n s  made in  the p r o v i n c e s  of  H e rz e g o v in ia  and 
B o s n ia  (now i n  Y ugos lav ia )  d e s c r i b e d  th e  d i s e a s e  i n  d e t a i l  
and p ro v ed  t h a t  the  i n f e c t i o n  was due to  a f i l t e r a b l e  v i r u s  
t r a n s m i t t e d  by a  psychod id  f l y ,  known as  Phlebotomus p a p a t a s i i .  
They a l s o  showed t h a t  the  v i r u s  was p r e s e n t  i n  th e  p a t i e n t ’ s
b lo o d  d u r in g  t h e  f i r s t  24 h ou rs  o f  t h e  f e v e r ,  b u t  n o t  a t  f o r t y
h o u r s ,  or  l a t e r .
R. D oerr ,  w r i t i n g  i n  1909 i n  the  monograph by 
D o er r ,  F ranz  and T a u s s ig ,  "Das P a p p a t a c i f i e b e r " (1909) ,  gave 
th e  d i s e a s e  i t s  modern name, t h e  E n g l i s h  e q u i v a l e n t  b e in g  
ph lebo tom us ,  or  s a n d f ly  f e v e r .  I n  p a s s i n g ,  i t  i s  no tew or thy  
t h a t  ph lebo tom us f e v e r  i s  th e  o n ly  common d i s e a s e  which
r e v e a l s  t h e  i n s e c t  v e c t o r  ( i . e .  c l a s s  o f  I n s e c t a )  i n  the
name o f  th e  f e v e r .  T h is  i n d i c a t e s  tbe c o m p a r a t iv e ly  
r e c e n t  c l i n i c a l  a p p r e c i a t i o n  o f  t h e  f e v e r ,  and i t s  removal 
from t h e  o b s c u r i t y  o f  th e  c o n t in u e d  f e v e r s  o r  p y r e x i a s  o f  
u n c e r t a i n  o r i g i n .
In  1921 , th e  D i r e c t o r  o f  M edica l  S e r v i c e s  f o r  
the  Royal A ir  Force a p p o in te d  a  Commission to  i n v e s t i g a t e  
th e  c a u s a t i o n ,  p r e v e n t i o n  and t r e a t m e n t  o f  s a n d f l y  f e v e r  
(W hit t ingham 19221 ) .  T h i s  m easure  was c o n s id e r e d  n e c e s s a r y
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owing t o  the  h ig h  s i c k n e s s  r a t e  from t h a t  d i s e a s e  d u r in g  
th e  p r e v i o u s  y e a r  amongst R .A .F . p e r s o n n e l  i n  the  Middle 
B a s t .  M al ta  was chosen  f o r  th e  i n v e s t i g a t i o n  because  
o f  i t s  freedom from m a l a r i a  and o t h e r  t r o p i c a l  f e v e r s .
The m e d ic a l  members of  t h i s  Commission, Whit t ingham and 
Rook, have d e s c r i b e d  m in u te ly  t h e  v a r i o u s  s t a g e s  i n  th e  
l i f e  h i s t o r y  of  Ph lebotom us.  They have a l s o  w r i t t e n  a 
p ap e r  on th e  p r e v e n t i o n  o f  s a n d f ly  f e v e r  (Whitt ingham and 
Rook 1923^) which has  been the  s t a n d a r d  work up to  th e  
p r e s e n t  t im e .
As f r e s h  b a c t e r i o l o g i c a l  knowledge w i th  r e g a r d  
to  t h e  f i l t e r a b l e  v i r u s e s  became a v a i l a b l e ,  t h e  i n f e c t i n g  
a g e n t  was s u b j e c t e d  to  more d e t a i l e d  s tu d y .  S h o r t t  and 
o t h e r s  (1936 and 1938) have c u l t i v a t e d  the  v i r u s  on t h e  
c h o r i o - a l l a n t o i c  membrane of  th e  d ev e lo p in g  chicken-embryo 
and in  t i s s u e  c u l t u r e s ,  and have made a c a r e f u l  s tu d y  of  
i t s  p r o p e r t i e s .  T h e i r  work h a s  been  con f i rm ed  by R uss ian  
w orke rs  (Demina and L e v i t a n s k a j a  1940 , Demina 1941^ ) .
During the  Second World War, a number o f  
c l i n i c a l  a c c o u n t s  o f  ep idem ics  o f  s a n d f l y  f e v e r  have been 
p u b l i s h e d ,  (Anderson,  1941 ; Sab in  e t  a l ,  1944 1 &
Walker and Dods, 19415 Hallmann, 1943 ) ;  a l s o  s e v e r a l  
e p i d e m i o l o g i c a l  s t u d i e s  ( C u l l i n a n  and W h i t t a k e r ,  I943;  
M ilne ,  I 9 4 5 . )  S ince t h e  work o f  f f t i t t i n g h a m  and Rook, 
l i t t l e  advance has  been  made w i th  t h e  p r e v e n t i v e  a s p e c t  
o f  ph lebo tom us f e v e r .
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H is to r y  o f  Phlebotomus Fever  i n  t h e  Royal Navy.
S i r  W il l iam  B u r n e t t  (’Whittingham 1924 ) gave 
an ac co u n t  o f  what he c a l l e d  summer f e v e r  i n  n a v a l  p e r s o n n e l  
engaged i n  the  b lockade o f  M al ta  i n  1799* His d e s c r i p t i o n  
o f  the  f e v e r  (v ide  su p ra )  showed t h a t  i t  was phlebotomus 
f e v e r .
A s tu d y  o f  the  S t a t i s t i c a l  R e p o r t s  o f  the  
H ealth  o f  th e  Havy from 1856 gave th e  fo l lo v / in g  i n f o r m a t i o n : -
1856 -  1909. As i n  t h e  Army R e p o r t s  ( B i r t
19101 ) und iagnosed  c a s e s  of  s a n d f l y  f e v e r  were in c lu d e d  
under  ’Simple Continued  F e v e r 1 o r  ’P y r e x i a  of  U n c e r t a in  
O r i g i n * •
In  1909, K i l ro y  a l lo w e d  h i m s e l f  to be b i t t e n  
by p h le b o to m i ,  and c o n t r a c t e d  th e  d i s e a s e .  Venous b lood  
withdrawn from him on the  f i r s t  day o f  th e  f e v e r  was 
i n o c u l a t e d  i n t o  a v o l u n t e e r  and r e p ro d u c e d  th e  d i s e a s e .
1910 -  1918. The R e p o r t s  g rouped s h o r t  term
f e v e r s  under  t h e  term P y r e x ia ,  add ing  a n o te  t h a t  many of  
the  c a s e s  were p ro b a b ly  “c a s e s  o f  ph lebotom us i n f e c t i o n . ”
Lambert (1918) s t a t e d  t h a t  i n  1916 t h e r e  was 
an o u tb r e a k  o f  th e  d i s e a s e  a t  Mudros B a s t .  He r e p o r t e d  
an o u tb r e a k  which o c c u r r e d  a t  Mudros between  May and August,  
1917> and. d e s c r i b e d  t h e  c l i n i c a l  p i c t u r e  o f  the  i n f e c t i o n  
as  o b se rv ed  by him i n  a s e r i e s  o f  237 c a s e s .
The R e p o r t  f o r  1919 s t a t e d  t h a t  t h e  m a j o r i t y  
o f  c a s e s  on the  M e d i te r r a n e a n  S t a t i o n  c l a s s e d  a s  p y r e x i a  
were p ro b a b ly  c a s e s  o f  ph lebo tom us f e v e r .
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In  the  R epor t  o f  1923, an o u tb r e a k  was 
descr ibed ,  i n  the  l l ’kk Royal Marine B a t t a l i o n  a t  
C o n s t a n t i n o p le ;  164 c a s e s  o c c u r r e d  i n  t h i s  u n i t .  
T h i s  R ep o r t  a l s o  s t a t e d  t h a t  c a s e s  were r e g u l a r l y  
n o t i f i e d  from s h ip s  r e f i t t i n g  a t  M a l ta  Dockyard.
Shaw (1929) gave th e  f o l lo w in g  t a b l e  
o f  i n c id e n c e  of  th e  d i s e a s e  i n  th e  Havy:-
Sandf ly  F e v e r .
Case R a t io
Year p e r  1 , 000 .
192 1 ............................... 0 .4 7
192 2 ..............................  0 .4 6
192 3 ............................... 2 .49
192 4 ............................... 0 .9 0
192 5 ............................... 0 .7 2
192 6 ............................... 0 .2 9
He a l s o  showed t h a t  t h e  ave rage  y e a r l y  
i n c id e n c e  on t h e  M e d i te r r an ea n  S t a t i o n  o f  p y r e x i a  o f  
u n c e r t a i n  o r i g i n  w a s : -
Case R a t io
P e r i o d  p e r  1 , 0 0 0 .
I8 9 7  - 99 ........................ 41. 7
1907 -  0 9 ........................  9* 8
1925   2 .  2
I t  would a p p e a r  t h a t  th e  f a l l  i n  c a s e s  
d iag n o sed  a s  p y r e x i a  o f  u n c e r t a i n  o r i g i n  was due to  th e  
more a c c u r a t e  r e c o g n i t i o n  o f  c a s e s  o f  ph lebo tom us f e v e r .
T ab le  1 h a s  been  com piled  from th e  ’H e a l th  
of  th e  Navy’ r e p o r t s  from 193° t i l l  1936 , th e  l a t e s t  one 
a v a i l a b l e .  From 1936 onwards,  th e  f i g u r e s  have been
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obta ined ,  f rom th e  Naval H e a l th  O f f i c e r s ’ Annual R e p o r t s ,  
f o r  t h e  M e d i te r r a n e a n  S t a t i o n .
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Table 1 «
Incidence o f  Phlebotomus Pever on the M editerranean S ta t io n  
Prom 1930 194*0 9 3^  Malta 1944 and 194-5 *
Year
Number 
o f  Cases
Case B atio  
per 1 ,000  s tr e n g th
1930 39 0*52
1931 - 2-51
1932 - 4-94
1933 - 2*75
1934 - 2*80
193$ 33 1*58
1936 158 6*38
1937 70 3*95
1938 47 2*60
1939 41 —
1940 63 —
1941 - —
1942 - mm mm
1943 - —
1944 2,795 3 4 9 -3 6
1945 1,365 136-50
X Malta Shore E stab lish m en ts  o n ly ,
N ote , M editerranean S ta t io n ,
In peacetim e the M editerranean P le e t  i s  based  
at M alta, and n aval p erson n el for  the most p a rt  serve t h e ir  
commission in  e s ta b lish m e n ts  on the i s l a n d ,  or in  sh ip s  
which lea v e  the harbours fo r  e x e r c i s e s  a t  s p e c i f i e d  in te r v a ls #
EPIDEMIOLOGY
G eo g ra p h ic a l  D i s t r i b u t i o n ,
The d i s e a s e  s u r v i v e s  i n  th o s e  p a r t s  o f  the  
w o r ld  where the  c l i m a t i c  c o n d i t i o n s  a r e  s u i t a b l e  f o r  th e  
v e c t o r  to  complete  i t s  l i f e  c y c l e ,  A long  p e r i o d  o f  
d r y ,  h o t  w e a th e r ,  and s u i t a b l e  b r e e d i n g  g ro u n d s ,  a re  th e  
main r e q u i r e m e n t s  o f  the  s a n d f l y .  E s p e c i a l l y  i n  Europe,  
A f r i c a  and A s ia ,  th e  d i s e a s e  i s  w id e s p re a d  i n  th o se  p a r t s  
which l i e  i n  the  b e l t  between 20° and 45° N o r th  l a t i t u d e ,  
W hit t ingham ( 1924) has  s t a t e d  t h a t  ph lebotom us f e v e r  i s  
endemic w herever  Phlebotomus p a p a t a s i i  can  b r e e d .  
Manson-Bahr (1945) has  p o in t e d  ou t  t h a t  i n  Bermuda where 
th e  ph lebo tom us i s  a b s e n t ,  the f e v e r  i s  n o t  found .
O u tb reaks  of  the  d i s e a s e  have been  r e p o r t e d  
from the  f o l lo w in g  r e g i o n s ,  (Map l ) ,
M e d i te r r a n e a n  A rea .
The A t l a n t i c  Coast  o f  P o r t u g a l ,  G i b r a l t a r ,  
C o r s ic a  and the  M e d i te r r a n e a n  Coast  o f  P ra n c e .  In  I t a l y  
the  d i s e a s e  i s  d e f i n i t e l y  known a s  f a r  N o r th  a s  th e  Po 
v a l l e y ^  S i c i l y  (Perguson I 9 4 3 ) ,  M a l ta ,  a lo n g  t h e  A d r i a t i c  
Coast o f  Y u g o s la v ia  a s  f a r  N o r th  a s  th e  I s t r i a n  P e n i n s u l a ,  
Greece (Hallmann 1943)* C r e t e ,  Cyprus ,  S y r i a ,  P a l e s t i n e  
(Walker and Dods 1941 and Milne 1945 )* Egypt ( P h i l i p  e t  a l .  
1944 ) and t h e  n o r t h e r n  s h o r e s  o f  A f r i c a .  B r i e f l y ,  the  
d i s e a s e  i s  p r e v a l e n t  i n  th e  whole M e d i te r r a n e a n  l i t t o r a l ,  
and p a r t i c u l a r l y  i n  the  e a s t e r n  p a r t .
Geographical Distribution of Phlebotomus Fever 
Disease reported from areas shown in black.
Arctic
MHCA3T0KS PROJECTION
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Crimea, Turkestan and Transcaucasian  r e g io n ,
(Mrugowsky 1942) .
Middle E a s t .
(Bulmer 1943; C u llin an  and W hittaker I 9 4 3 ) ,  
Iraq , P e r s ia ,  Aden and Red Sea Coast o f  Arabia.
A fr ic a .
Kenya, Tanganyika T e r r ito r y  and th e  Anglo-  
Egyptian Sudan.
In d ia .
(Megaw and Gupta, 1927)* The North West 
F rontier  at  Peshawar and C h itr a l ,  th e  C entra l P r o v in c e s ,  
Northern Punjab, and in  the r e g io n  o f  Poona. Ceylon, 
and alogg  the c o a s t  o f  the Bay o f  Bengal in  Burma.
China.
The d is e a s e  has been observed as fa r  North  
as Peking and T ie n t s in ,  and as fa r  South as  Hong Kong.
South America.
B o liv a r  and Northern A rgentina (Strong I9 4 2 ) .  
The d is e a s e  appears to  p e r s i s t  c h i e f l y ,  but  
not e x c l u s i v e l y ,  in  th e  low lands o f  th ese  c o u n tr ie s .
In In d ia , Graham (19*5 ) s ta te d  th a t  the fe v e r  and phlebotom i  
were found up to a h e ig h t  o f  7,000  f e e t ,  a f ig u r e  re -q u oted  
by Whittingham (1 9 3 8 ) .  More r e c e n t ly ,  Strong ( 1942) and 
Manson-Bahr (I945) have s ta te d  th a t  the d is e a s e  i s  known up 
to a h e ig h t  o f  on ly  4,000  f e e t ,  but no reason  can be found  
fo r  t h i s  lower f i g u r e .
Seabona 1 P i s t r i ' but io  _n and
the  E f f e c t  of  C l im a t i c  Co n d i t i o n s on S a n d f ly  F e v e r .
W hit t ingham  and Rook (1923^) showed t h a t  
Phlebotom us p a p a t a s i i  r e q u i r e s  e i g h t  c o n s e c u t iv e  weeks 
w i th  the  mean d a i l y  t e m p e ra tu r e  between  65° and 9O0 F . , 
and an  e a r t h  t e m p e ra tu r e  (4  f o o t )  o f  over  60° F. T h i s  
t e m p e ra tu re  r e q u i r e m e n t ,  t o g e t h e r  w i th  th e  n e c e s s i t y  f o r  
s u f f i c i e n t  m o i s tu re  and o rg a n ic  d e b r i s  f o r  t h e  f l y  t o  
complete  i t s  l i f e - c y c l e ,  e x p l a i n s  th e  g e o g r a p h i c a l  
d i s t r i b u t i o n  o f  th e  d i s e a s e  and i t s  o c c u r r e n c e  i n  t h e  
summer months*
W hit t ingham  ( 1924 ) s t a t e d  t h a t  i n  r e l a t i v e l y  
dry  a r e a s ,  th e  d i s e a s e  was c o n f in e d  to  t h e  c o a s t  l i n e ,  
r i v e r s  or  o a s e s ,  t h a t  i s  p r o x im i t y  to  w a t e r ;  o r  p l a c e s  
where t h e r e  was a  marked drop i n  a tm o s p h e r ic  t e m p e ra tu r e  
a t  n i g h t ,  and c o n s e q u e n t ly  a heavy f a l l  o f  dew. Hie 
p o in te d  ou t  t h a t  i n  humid a r e a s ,  such  a s  M a l ta ,  t h e r e  
were two waves o f  f e v e r  which c o i n c i d e d  w i th  two b ro o d s  
of  s a n d f l i e s .  T h i s  he b e l i e v e d  to  be because  c l i m a t i c  
c o n d i t i o n s  f o r  th e  l i f e - c y c l e  of  t h e  f l y  were n e a r l y  
o p t im a l ;  w h e re a s ,  i n  t h e  l e s s  humid Bagdad a r e a ,  t h e r e  
was on ly  one wave o f  th e  f e v e r  and one b ro o d  o f  s a n d f l i e s  
each s e a so n .
W hit t ingham  (1924) a l s o  showed t h a t  i n f e c t e d  
s a n d f l i e s  f a i l e d  to  t r a n s m i t  th e  d i s e a s e  to  human v o l u n t e e r s  
when th e  t e m p e r a tu r e  f e l l  t o  54° F. T h is  e x p l a i n s  th e  
d e la y  i n  th e  ap p ea ran ce  o f  t h e  f e v e r  i n  y e a r s  when the  
s p r i n g  i s  c o o l ,  and th e  e a r l y  ap p e a ran c e  o f  c a s e s  i f  th e
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warm w ea the r  comes e a r l y .  A p o i n t  w e l l  i l l u s t r a t e d  i n  
th e  two ep id em ics  s t u d i e d  i n  the  p r e s e n t  i n v e s t i g a t i o n  
(v ide  Graph 3 )•
Manson-Bahr (1945) w h i l s t  a g r e e i n g  t h a t  t h e  
d i s e a s e  i s  m a in ly  one of t h e  summer and e a r l y  autumn months 
i n  s u b t r o p i c a l  r e g i o n s ,  rem arks  t h a t  i n  t h e  t r o p i c s  i t  may 
b r e a k  o u t  a t  any time as  an ep idem ic  amongst new a r r i v a l s .
Epidemic Tendency.
W hitt ingham (I924)  s t a t e d  t h a t  e p id e m ic s  o f  
phlehotomus f e v e r  o c c u r r e d  i n  endemic a r e a s  o n ly  when t h e  
a d u l t  f l y  was p r e s e n t ,  i . e .  d u r in g  t h e  summer m onths .
W hit t ingham  and Kook ( I9 2 3 1 and I9 2 3 2 ) and 
Whitt ingham ( 193$) o b se rv e d  t h a t  t h e r e  were u s u a l l y  two 
waves o f  the  d i s e a s e  a n n u a l l y ,  each  l a s t i n g  t h r e e  t o  f o u r  
weeks, The f i r s t  wave o c c u r r e d  a t  t h e  b e g in n in g  o f  t h e  
ho t  w e a th e r ,  and t h e  second i n  t h e  autumn, w i t h  a two m o n th s1 
l u l l  between them ,  which c o r r e s p o n d e d  to  t h e  t im e ta k e n  f o r  
P. p a p a t a s i i  to  d ev e lo p  from e g g  to  a d u l t .  They c l a im e d  
t h a t  l a r v a e  t h a t  had w ea th e red  t h e  w i n t e r  h a t c h e d  o u t  e a r l y  
in  th e  summer and cau sed  the f i r s t  wave o f  c a s e s .  The 
second b ro o d ,  which h a t c h e d  ou t  ab o u t  e i g h t  weeks l a t e r ,  
was r e s p o n s i b l e  f o r  th e  second wave o f  i n f e c t i o n .
The i n f e c t i v i t y  o f  th e  v i r u s  i s  h ig h  i n  
s u s c e p t i b l e  i n d i v i d u a l s .  Manson-Bahr ( 194-5 ) s t a t e d  t h a t  
i n  p h leb o to m u s-h au n ted  p l a c e s ,  a s  many a s  70 p e r  c e n t ,  o f  
new-comers a r e  a t t a c k e d .
Rogers  and Megaw ( 1939 ) s t a t e  t h a t  t h e  d i s e a s e
o ccu rs  i n  sha rp  e x p l o s i v e  ep id em ics  i n  w hich  90 p e r  c e n t ,  
o f  the  p o p u l a t i o n  may he a f f e c t e d .  B u t  i n  many l o c a l i t i e s  
th e  f e v e r  i s  endemic and a t t a c k s  c h i e f l y  new-comers f rom 
p l a c e s  where t h e  d i s e a s e  does  n o t  o c c u r .  They a l s o  draw 
a t t e n t i o n  to  th e  im p o r ta n t  f a c t  t h a t  t h e  d i s e a s e  v a r i e s  
much i n  s e v e r i t y  i n  d i f f e r e n t  o u tb r e a k s  and i n  d i f f e r e n t  
l o c a l i t i e s .
C o n t in g e n ts  o f  t r o o p s  spen d in g  t h e i r  f i r s t  
summer i n  an endemic a r e a  o f t e n  e x p e r i e n c e  an e p id e m ic ,  
w h i l s t  i n  su b seq u en t  y e a r s  i n  th e  a r e a  o n ly  a few c a s e s  
occur  among th e  t r o o p s .  T h is  s e a s o n in g  p r o c e s s  i s  th e  
r e s u l t  o f  a c t i v e  im m u n iza t io n ,  and may take the fo rm  o f  
c l i n i c a l  s a n d f ly  f e v e r  or  p a s s  u n n o t i c e d  a s  a  s u b c l i n i c a l  
i n f e c t i o n .  I t  i s  an im p o r ta n t  f a c t o r  i n  d e t e r m in in g  
whether an ep idem ic  w i l l  o ccu r  among t r o o p s ,  th e  ep idem ic  
tendency be ing  much g r e a t e r  among unseasoned  (o r  ’ u n s a l t e d 1) 
t r o o p s .
Fav o u rab le  c l i m a t i c  c o n d i t i o n s  and th e  p r e s e n c e  
o f  s u i t a b l e  b r e e d i n g  g rounds  f o r  p h leb o to m i  p l a y  a l a r g e  
p a r t  i n  d e t e r m in in g  w hethe r  an ep idem ic  w i l l  s t a r t ,  b u t  
f u r t h e r  i n v e s t i g a t i o n  i s  r e q u i r e d  to  a s c e r t a i n  why ep id em ics  
suddenly s t a r t  i n  one endemic a r e a ,  and y e t  cause  o n ly  a  few 
cases  i n  n e ig h b o u r in g  a r e a s .  For exam ple ,  i n  1944 and 1945 , 
few ca se s  o f  s a n d f l y  f e v e r  o c c u r r e d  i n  t h e  n a v a l  p e r s o n n e l  i n  
T u n i s i a ,  where b o th  ph lebo tom us and f e v e r  a r e  known, a l t h o u g h  
movements of  men between  M alta  and T u n i s i a  were f r e q u e n t .  
Befo re  an ep idem ic  can s t a r t ,  i t  i s  n e c e s s a r y  t o  have l a r g e  
numbers o f  p h leb o to m i  r e a c h i n g  t h e  im a g in a l  s t a g e  o f
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development about  th e  same t im e ,  a r e q u i r e m e n t  which i s  
g r e a t l y  a s s i s t e d  by the  p re se n c e  of  abundan t  r u b b le  i n  
c l o s e  p r o x im i ty  to  human h a b i t a t i o n s .  I t  i s  g e n e r a l l y  
ag ree d  t h a t  th e  i n s e c t s  become i n f e c t e d  i n  th e  b r e e d i n g  
grounds (W hit t ingham and Rook I9232 , and Young, Richmond 
and B r e n d i s h  1926) .
W hit t ingham  (1924) has  s t a t e d  t h a t  ep id em ic s  
of  th e  d i s e a s e  depended on :
(1) th e  number of  i n f e c t e d  p h le b o to m i .
(2) t h e  number o f  s u s c e p t i b l e  p e o p l e .
During t h e  p r e s e n t  i n v e s t i g a t i o n  i t  was n o te d  t h a t  p e r i o d s  
o f  i n c r e a s e d  ca se  in c id e n c e  were accompanied by l a r g e  
numbers o f  i /n lebo tom i .  As a r e s u l t  the  f o l l o w i n g  view 
i s  p u t  f o rw a rd .  In  endemic a r e a s ,  th e  m a j o r i t y  o f  
ph lebotom i a re  i n f e c t e d ,  and i f  c o n d i t i o n s  a r e  f a v o u r a b l e  
to l a r g e  numbers o f  i n s e c t s  r e a c h i n g  m a t u r i t y  th e n  an 
epidemic i s  l i k e l y  to  o c c u r ,  p r o v id e d  t h a t  s u s c e p t i b l e  
i n d i v i d u a l s  a r e  a v a i l a b l e .  T h e r e f o r e ,  th e  f i r s t  o f  
Whitt ingham1s g o v e rn in g  f a c t o r s  s t a t e d  above would r e q u i r e  
m o d i f i c a t i o n  to  !
( l a )  O p tim a l  b r e e d in g  c o n d i t i o n s  a l l o w in g  l a r g e
numbers o f  i n f e c t e d  p h leb o to m i  t o  r e a c h  m a t u r i t y .
The V iru s.
The c a u s a l  a g e n t  o f  ph lebo tom us  f e v e r  i s  
co n s id e red  to  be an u l t r a - m i c r o s c o p i c  f i l t e r - p a s s i n g  v i r u s .
Doerr  and h i s  c o l l e a g u e s  c la im e d  t h a t  th e  
i n f e c t i o n  was due t o  a f i l t e r - p a s s i n g  v i r u s ,  and t h i s  was
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conf irm ed  by B i r t  ( I9 IO 2 ) .  Then \7h i t t i n g h a m  (1921 and 
19221 “  d ) > d u r in g  h i s  p r e l i m i n a r y  i n v e s t i g a t i o n s  in  Hualta, 
d em o n s t ra te d  a l e p t o s p i r a ,  m o r p h o lo g ic a l l y  r e s e m b l in g  L. 
i c t e r o h a e m o r r h a g i a e  i n  c a s e s  o f  s u s p e c te d  s a n d f ly  f e v e r .
He i s o l a t e d  th e  organ ism  by b lo o d  c u l t u r e s  i n  Wenyon-lToguchi 
medium, and found  t h a t  i t  d i f f e r e d  from L. i c t e ro h a e m o r rh a g ia e  
i n  t h a t  i t  had no p a t h o g e n i c i t y  f o r  g u in e a  p i g s .
At t h e  same t im e ,  Couvy ( I 9 2 2 ) ,  working in  
B e i r u t ,  a l s o  i s o l a t e d  a l e p t o s p i r a  from c a s e s  o f  s u s p e c te d  
s a n d f l y  f e v e r .  W hitt ingham*s f a i l u r e  to  c o n f i rm  h i s  
e a r l i e r  o b s e r v a t i o n s  l e d  him to  doubt t h a t  a  l e p t o s j j i r a  
was the  c a u s a l  a g e n t ,  (Whitt ingham 1924 ) .
K l i g l e r  and Ashner (1928) i n  P a l e s t i n e ,  i n  a 
s e r i e s  o f  c a r e f u l  e x p e r im e n t s ,  f a i l e d  to  d em o n s t ra te  any 
l e p t o s p i r a  i n  i n f e c t e d  human b lo o d ,  o r  i n  s a n d f l i e s  caught  
in  p a t i e n t s *  h o u s e s .  I n f e c t e d  human b lood  and em uls ions  
o f  i n f e c t e d  and u n i n f e c t e d  s a n d f l i e s  were a l s o  examined by 
Poole and Sachs ( 1934 ) by d a rk  ground i l l u m i n a t i o n  f o r  th e  
p resence  o f  s p i r o c h e t e s ,  bu t  w i th o u t  s u c c e s s .
I t  i s  now g e n e r a l l y  a g r e e d  t h a t  th e  d i s e a s e  i s  
due to  a v i r u s .  O b se rv e r s  who found l e p t o s p i r a  were 
p o s s i b ly  d e a l i n g  w i t h  some m i ld  v a r i e t y  o f  W e i l ’ s d i s e a s e .
In bo th  d i s e a s e s  c o n j u n c t i v a l  c o n g e s t i o n ,  f r o n t a l  headache 
and p a i n s  i n  t h e  l im bs  o c c u r ,  and i n  W e i l ’ s d i s e a s e  n o n - i c t e r i c  
ca ses  a r e  now w e l l  r e c o g n i s e d ,  ( H a r r i e s  and Mitman, 1944) .
P r o p e r t i e s  o f  t h e  V irus*
(a ) P i l t e r a b i l i t y .
Doerr  (1908) p roved  t h a t  th e  c a u s a l  a g e n t  o f
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phlebotom us f e v e r  would p a s s  th ro u g h  the  p o r e s  o f  a 
R e ic h e l  e a r th e n w a re  f i l t e r .  B i r t  (19103 and 1910^) 
f i l t e r e d  i n f e c t i v e  h lo o d  th ro u g h  a Chamberland P. c a n d le ,  
d i l u t e d  i t  1 S 9 i n  s a l i n e ,  and r e p ro d u c e d  th e  d i s e a s e  
w i t h  t h i s  f i l t r a t e  i n  a v o l u n t e e r .  Graham (1915) used 
th e  B e r k e f e ld  f i l t e r  and K l i g l e r  and Ashner (1928) the  
B e r k e f e ld  N c a n d l e ;  th e y  found  th e  r e s u l t i n g  f i l t r a t e s  
i n f e c t i v e  to  s u s c e p t i b l e  i n d i v i d u a l s .  S h o r t t ,  Poole  
and S tep h en s  ( 19341 an<* 2 ) f i l t e r e d  c i t r a t e d  whole b lood  
and c i t r a t e d - g l y c e r i n a t e d  b lo o d  th ro u g h  Chamberland L 3 
and L 5 c a n d l e s ,  and i n f e c t e d  human v o l u n t e e r s  by 
i n o c u l a t i o n  w i th  the  f i l t r a t e s .  They a l s o  p ro d u ced  a 
f e b r i l e  r e a c t i o n  i n  Uacacus r h e s u s  monkeys w i th  human 
b lood w hich  had been p a s s e d  th rough  a Chamberland L 13 
b o u g ie •
Sab in  e t  a l  ( 19441 ) c a r r i e d  ou t  G radocol  
( c o l lo d io n )  membrane f i l t r a t i o n  t e s t s ,  and fo u n d  t h a t  
th e  v i r u s  p a s s e d  w i th  ea se  th ro u g h  membranes h av in g  an 
average p o r e - d i a m e t e r  o f  200 m i l l i m i c r o n s  o r  more.
(b) S i z e .
S h o r t t ,  P a n d i t  and Rao (1938) u s in g  v i r u s  
grown on th e  c h o r i o - a l l a n t o i c  membrane of  th e  d e v e lo p in g  
c h ic k ,  c a r r i e d  ou t  f i l t r a t i o n  t e s t s  w i th  g r a d o c o l  membranes. 
They found t h a t  the  v i r u s  w h i l s t  r e t a i n e d  by a membrane 
having an ave rage  p o r e - d i a m e t e r  o f  380 m i l l i m i c r o n s  co u ld  
pass  th ro u g h  a membrane w i t h  an ave rage  p o r e - d i a m e t e r  of  
480 m i l l i m i c r o n s .
S ab in  e t  a l .  (1944I)  a l s o  c a r r i e d  out  g r a d o c o l
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f i l t r a t i o n  t e s t s ,  and fo u n d  th e  v i r u s  to  he o f  sm a l l  s i z e ,  
much s m a l l e r  t h a n  the  f i g u r e s  q u o ted  above .  They used  
serum from c a s e s  o f  th e  f e v e r ,  and found  t h a t  t h e  v i r u s  
p a s s e d  w i t h  ea se  th ro u g h  a l l  membranes hav ing  an ave rage  
p o r e - d i a m e t e r  o f  200 m i l l i m i c r o n s  o r  more .  Passage  th ro u g h  
th e  100 m i l l i m i c r o n  ave rage  p o r e - d i a m e t e r  membrane was 
p ro b a b le  b u t  q u e s t i o n a b l e ,  s i n c e  the  f i l t r a t e  d i d  n o t  
r ep ro d u ce  th e  d i s e a s e ,  a l th o u g h  two of th e  f o u r  human 
s u b j e c t s  used i n  the t e s t  were immune to  su b se q u en t  
i n o c u l a t i o n  w i th  a c t i v e  v i r u s .  N e i t h e r  d i s e a s e  no r  
immun i t y  fo l lo w e d  th e  i n o c u l a t i o n  o f  f i l t r a t e s  from the  
75 o r  JO ave rage  p o r e - d i a m e t e r  membranes* These w orkers  
a p p l i e d  E l f o r d * s  fo rm u la  (which e s t i m a t e s  t h e  s i z e  o f  the  
p a r t i c l e )  t o  t h e i r  f i n d i n g s ,  and s t a t e d  t h a t  th e  v i r u s  was 
c e r t a i n l y  n o t  l a r g e r  th a n  40 t o  60 m i l l i m i c r o n s ,  and 
p ro b ab ly  n o t  l a r g e r  th a n  25 t o  37 m i l l i m i c r o n s .  They 
have s u g g e s t e d  t h a t  i t  i s  n o t  im probab le  t h a t  t h e  t r u e  s i z e  
of  th e  ph lebo tom us f e v e r  v i r u s  may be even s m a l l e r  th a n  th e  
above e s t i m a t e d  s i z e s ,  and p e rh a p s  f a l l s  i n  the  same range  
of  magnitude a s  th e  v i r u s  o f  y e l lo w  f e v e r ,  which  i s  22 
m i l l i m i c r o n s .
( c ) R es is ta n ce  to  P h y s ic a l
and Chemical Reage n ts  and P r e s e r v a t io n .
B i r t  ( I9 IO 1 ) found t h a t  t h e  v i r u s  r e t a i n e d  i t s  
a c t i v i t y  f o r  a  week i n  v i t r o ,  a t  t e m p e r a t u r e s  o f  20° F . to  
80 p.  l u p i n e  ( I927 )  showed t h a t  t h e  v i r u s  was k i l l e d  by 
h e a t in g  to  55° C* f o r  t e n  m i n u t e s .  S h o r t t ,  Poo le  and
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Stephens ( 1934-  ^ anc* used w ith  su c c e s s  2 per c e n t ,
sodium c i t r a t e  and 50 Pe r  c e n t ,  g ly c e r o l  as p r e s e r v a t iv e s ,  
s in g ly  and mixed to g e th e r ,  fo r  t h e ir  specimens o f  in f e c t i v e  
b lo o d , Which had to t r a v e l  from Peshawar to  K a sa u li ,  a 
journey of  some tw en ty-fou r  hours in  the summer heat o f
I n d i a .  The same w orke rs  ( S h o r t t ,  P oo le  and S te p h e n s ,
1 2I934 and 1935 ) have a l s o  shown t h a t  t h e  v i r u s  i s  
r e s i s t a n t  to  d r y i n g .  They d e s i c c a t e d  i n f e c t e d  s e r a
over  s u l p h u r i c  a c i d  i n  vacuo ,  and i n o c u l a t e d  th e  p r o d u c t  
o f  1 cc o f  serum d i s s o l v e d  i n  3 cc o f  normal s a l i n e  i n t o  
two v o l u n t e e r s .  T h is  p roduced  a t y p i c a l  a t t a c k  o f  
phlebotomus f e v e r  i n  one of them.
S ab in  e t  a l .  ( I9 4 4 1 ) p r e s e r v e d  the v i r u s  in  
serum f o r  s i x  months in  the f r o z e n  s t a t e  by s to r a g e  a t  
a low te m p e ra tu re  p roduced  by s o l i d  ca rb o n  d i o x i d e .
They a l s o  k e p t  f o r  th e  same p e r i o d  specimens o f  i n f e c t i v e  
serum in  th e  l y o p h i l i z e d  s t a t e ,  and fo u n d  them c a p a b le  o f  
r ep ro d u c in g  th e  d i s e a s e .  ( L y o p h i l i z a t i o n  i s  a  s p e c i a l  
method o f  d e h y d r a t io n  o f  serum by r a p i d  f r e e z i n g  and d ry in g  
under h ig h  vacuum p r e s s u r e ) .
(d) General P r o p e r t ie s .
The o r i g i n a l  s t u d i e s  o f  Doerr  and h i s  
co-w orkers  ( I909 )  and l a t e r  f r e q u e n t l y  co n f i rm ed  ( B i r t  1910^, 
Whitt ingham 1924, and o t h e r s )  e s t a b l i s h e d  t h a t  t h e  serum 
o b ta in e d  d u r in g  the  f i r s t  tw e n t y - f o u r  h o u rs  o f  th e  f e v e r ,  
b u t  n o t  a t  f o r t y  h o u r s  o r  l a t e r ,  cou ld  r e p ro d u c e  th e  d i s e a s e  
i n  human b e i n g s .
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Moshkovsky and b i s  a s s o c i a t e s  (1936) 
d em o n s t ra te d  t h a t  th e  v i r u s  may be p r e s e n t  i n  th e  b lo o d  
one o r  two days  b e f o r e  t h e  o n s e t  o f  f e v e r .  Sab in  and 
h i s  co -w o rk e rs  ( 19441 ) ,  a s  a  r e s u l t  o f  t h e i r  e x p e r i m e n t s ,  
found t h a t :
( i )  Serum o b ta in e d  from sp o n tan eo u s  c a s e s
o c c u r r in g  among t r o o p s  i n  th e  Middle E a s t  and S i c i l y  
r e g u l a r l y  r e p ro d u c e d  the  d i s e a s e  i n  human v o l u n t e e r s .
( i i )  By means o f  the  i n t r a c u t a n e o u s  and i n t r a ­
venous r o u t e s  o f  i n o c u l a t i o n ,  a p p r o x im a te ly  95 p e r  c e n t ,  
of  over  100 human a d u l t s  were found  to  be s u s c e p t i b l e ,  
r e g a r d l e s s  o f  sex o r  c o l o u r .  Doses of  th e  v i r u s  ( i . e .  
i n f e c t e d  serum) which  produced  t h e  d i s e a s e  by t h e  above 
r o u t e s  f a i l e d  t o  produce  th e  d i s e a s e  i n  50 t o  75 p e r  
c e n t ,  o f  i n d i v i d u a l s  when i n j e c t e d  s u b c u ta n e o u s ly  or  
i n t r a m u s c u l a r l y .
( i i i )  Bo v i r u s  was d e m o n s t r a te d  i n  th e  c e r e b r o ­
s p i n a l  f l u i d  o b t a i n e d  on th e  f i r s t  or  second  days  o f  t h e  
e x p e r im e n ta l ly  r e p ro d u c e d  d i s e a s e ,  even when l a r g e  amounts 
(2 cc i n t r a c u t a n e o u s l y , and 15 cc i n t r a v e n o u s l y )  o f  th e  
c e r e b r o s p i n a l  f l u i d  were i n o c u l a t e d .
(!▼) In  t h e  e x p e r i m e n t a l l y  r e p ro d u c e d  d i s e a s e
the v i r u s  was found i n  the  b lo o d  a t  l e a s t  24 h o u r s  b e f o r e  
the  o n s e t  o f  th e  f e v e r  and d u r in g  th e  f i r s t  24 h o u r s  o f  
the  f e v e r ,  b u t  was no lo n g e r  d em o n s t rab le  48 h o u r s  a f t e r  
the o n s e t .
Passage  o f  th e  v i r u s  seven  t im e s  by 
i n o c u l a t i o n  i n t o  human b e i n g s  ca u se d  no a p p a r e n t  change
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in  i t s  p r o p e r t ie s .
( v i )  Two s t r a in s  o f  the v i r u s ,  one i s o l a t e d  in
the Middle E a s t ,  and the  o ther  in  S i c i l y ,  were p ro v ed  to  
he im m unologically  i d e n t i c a l .
( v i i )  Y irus ir r a d ia te d  w ith  u l t r a v i o l e t  l i g h t  has
been found capable o f  producing immunity w ithout g iv in g  
r i s e  to the d i s e a s e .
( e ) C u lt iv a t io n .
S h o r tt ,  Bao and Swaminath ( 1936) employed 
the o r ig in a l  method d ev ised  by Woodruff and Goodpasture 
(1931) for  the c u l t iv a t io n  o f  the sa n d fly  fe v e r  v ir u s  
on the c h o r io -a l la n t o ic  membrane o f  the em bryo-chick.
The same technique as that used fo r  t h e ir  work w ith  the  
v a c c in ia  v ir u s  (Bao, Pandit and s h o r t t  1936) was adopted.
The Inoculum c o n s is t e d  o f  pooled  f r e s h  l iq u id  serum from 
four d i f f e r e n t  c a s e s  of  sa n d fly  f e v e r ,  or e l s e  d r ied  serum. 
The eggs were incu bated  a t  39°  C» iand examined a t  in t e r v a ls  
o f  four days fo r  the presence of  l e s i o n s  on the ch o r io ­
a l la n to ic  membrane. In ’p o s i t i v e 1 p rep a ra t io n s  a 
c h a r a c te r is t ic  r e a c t io n  was produced, which took  the form 
of an opaque patch  measuring about 10 mme in  d iam eter .  
M icro sco p ica lly  the l e s io n  c o n s is t e d  o f  p r o l i f e r a t i o n ,  
n ecr o s is  and desquamation o f  the ectoderm al c e l l s ,  cau sing  
the fo rm a t io n  o f  a minute u lc e r ;  to g e th e r  w ith  p r o l i f e r a t io n ,  
o f  the e n t o dermal c e l l s .  S h ortt  e t  a l« , have not used the  
term in c lu s io n  b o d ie s ,  but have p r e ferre d  in c lu s io n  'material 
in s te a d  as the  cy to p la sm  o f  many c e l l s  appeared to  have been
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w holly  r e p l a c e d  hy r e d - s t a i n i n g  ( i n  s e c t i o n s  s t a i n e d  w i th  
G iem sa 's  o r  Mann’ s s t a i n s )  i n c l u s i o n  m a t e r i a l ,  and no 
c h a r a c t e r i s t i c  i n c l u s i o n  "bodies co u ld  he d e t e c t e d *
Demina and L e v i t a n s k a j a  (1940 ) con f i rm ed  t h i s  
work and p ro v ed  t h a t  i n o c u l a t i o n s  o f  e m u ls io n s  made from  
i n f e c t e d  ch ick -em bryos  p roduced  symptoms o f  t y p i c a l  
phlebotomus f e v e r  i n  human v o l u n t e e r s .
Demina ( 1941^) showed t h a t  the  v i r u s  te n d ed  
t o  l o s e  i t s  v i r u l e n c e  and a n t i g e n i c  p r o p e r t i e s  "by r e p e a t e d  
passage  i n  the  ch ick -em b ry o .
Demina ( 19412 ) i n  th e  co u r se  o f  i n v e s t i g a t i o n s  
on the  a t t e n u a t i o n  o f  th e  s a n d f ly  f e v e r  v i r u s  f o r  im m uniza t ion  
p u rp o ses  proved t h a t  th e  v i r u s  was i n a c t i v a t e d  i n  v i r u l e n t  
serum by t r e a t m e n t  w i th  1 I 1000 f o r m a l i n ,  o r  by d r y in g  in  
vacuo over  s u lp h u r i c  a c i d  i n  th e  p r e s e n c e  o f  a c e to n e  o r  
p h o sp h a te s .  A t te m p ts  to  a b s o rb  th e  v i r u s  from serum a t  
p H 6*8 -  6*9 w i th  a luminium hy d ro x id e  and k a o l i n  were 
un success fu l*
S h o r t t ,  P a n d i t  and Hao ( 193&) c la im ed  to  have 
c u l t i v a t e d  th e  v i r u s  i n  t i s s u e  c u l t u r e s  o f  f i n e l y  minced 
10- d a y -o ld  ch ick-em bryo  i n  T y ro d e ’ s s o l u t i o n .  They a l s o  
showed t h a t  th e  p r o o f  o f  c u l t i v a t i o n  o f  th e  s a n d f l y  f e v e r  
viruB in  th e  ch ick -em b ry o ,  depended n o t  o n ly  on th e  
p ro d u c t io n  o f  f o c a l  l e s i o n s  i n  the  c h o r i o - a l l a n t o i c  membrane, 
bu t  t h a t  th e  serum of  p a t i e n t s  c o n v a l e s c e n t  from s a n d f ly  
f e v e r  was a b le  t o  n e u t r a l i s e  the  l e s i o n  p ro d u c in g  a g e n t  i n  
the  egg-membrane• Of s i x  c o n v a l e s c e n t  s e r a  t e s t e d ,  a l l  
bu t  one i n h i b i t e d  g row th  o f  th e  v i r u s  on the  membrane.
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The c o n t r o l s  w i th  normal serum a l l  showed growth  o f  th e  
v i r u s ,  w h i le  th e  c o n v a l e s c e n t  s e r a  th e m s e lv e s  gave no g row th .
( f ) P a th o g e n ic i ty  to  Man and Animals.
Por p r a c t i c a l  p u r p o s e s  man a lo n e  s u f f e r s  from 
s a n d f ly  f e v e r .  Many a t t e m p t s  have heen made to  t r a n s m i t  
the  i n f e c t i o n  to  an im a ls  hy th e  i n o c u l a t i o n  o f  b lo o d  or  
serum o b ta in e d  from a case  o f  s a n d f l y  f e v e r  i n  th e  f i r s t  
24 h o u rs  o f  the  f e v e r .
Doerr  and Russ (1909) f a i l e d  to  i n f e c t  l a b o r a t o r y  
animals* They t h e n  mixed some an im al  serum w i t h  some known 
i n f e c t i v e  serum and i n o c u l a t e d  th e  m ix tu re  i n t o  a human 
v o lu n te e r  and p roduced  th e  c l i n i c a l  p i c t u r e  of s a n d f l y  f e v e r ,  
which proved  t h a t  t h e  an im a l  serum had no n e u t r a l i s i n g  
p r o p e r t i e s .  B i r t  (I91O2 ) a l s o  found  t h a t  th e  v i r u s  was 
no t  p a th o g e n ic  t o  l a b o r a t o r y  a n i m a l s .
Poole  and Sachs ( 1934 ) i n o c u l a t e d  g u in e a  p i g s  
and r a b b i t s  w i th  human b lood  from s a n d f l y  f e v e r  p a t i e n t s ,  
and a l s o  e m u ls io n s  o f  i n f e c t e d  and u n i n f e c t e d  s a n d f l i e s ,  
bu t  w i th o u t  e f f e c t .
S h o r t t ,  Poo le  and S tep h en s  ( 19341 and 19352 ) 
have shown t h a t  th e  v i r u s  i s  f e e b l y  p a th o g e n ic  to th e  
Macacus r h e s u s  monkey, and t h a t  i n o c u l a t i o n  o f  two h uman 
v o lu n te e r s  w i t h  5 cc o f  i n f e c t e d  monkey b lo o d  re p ro d u c e d  
symptoms r e s e m b l in g  a m i ld  a t t a c k  o f  ph lebo tom us  f e v e r .
Human c o n t r o l s  i n o c u l a t e d  w i th  u n i n f e c t e d  monkey b lo o d  
showed no r e a c t i o n .
Sab in  and h i s  a s s o c i a t e s  ( I9 4 4 1 ) t e s t e d  the  
p a t h o g e n i c i t y  o f  th e  v i r u s  by i n o c u l a t i o n  o f  serum of
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blood of proved i n f e c t i v i t y  fo r  human b e in g s  by in t r a ­
c e r e b r a l ,  in tracu tan ed u a , subcutaneous, i n t r a t e s t i c u l a r , 
in tr a p e r i to n e a l  or in tr a n a s a l  ro u te s  in  a la r g e  number o f  
lower an im als , c o n s i s t in g  o f  the  usual lab ora tory  an im als,  
se v e r a l  s p e c ie s  o f  monkeys ( in c lu d in g  M. r h e s u s ) ,  w ild  
rod en ts  and o th er  sm all 'verm in' commonly found along the  
Horth A frican  sh o r e s .  Ho ev idence  o f  p a th o g e n ic i ty  was 
obtained  in  any o f  the an im als.
The Vector.
Phlebotomus papa t a s i i , a midge measuring about 
3 mm. in  le n g th ,  has been proved to  be the true c a r r ie r  o f  
t h i s  d is e a s e .
The i n s e c t  was f i r s t  d escr ib ed  by Rondani in  
1840 (Marett 1 9 1 0 ) ,  and la t e r  s tu d ie d  by G rassi ( I 9 0 7 ) ,  who 
b e lie v ed  th a t  th e  development o f  th e  phlebotomus ovum took  
place in  d r a in s ,  or in  c lo s e  r e la t io n s h ip  to  sewage, s im ila r  
to th a t  harm less member o f  the same fa m ily  Psychoda 
p halaeno ides . G rassi observed s e v e r a l  s ta g e s  o f  the l i f e  
h is to ry  o f  the i n s e c t  in  a damp c e l l a r  in  Rome.
Howiet t  (1909) observed t h e  la r v a l  development 
from ova, in  In d ia .
Marett (1 9 1 0 ) ,  who s e t  out to  f in d  some means 
whereby s a n d f l i e s  could be reduced in  numbers, made the  
important d isc o v e r y  o f  the breed ing  grounds o f  the  
phlebotomus. He drew a t t e n t io n  to  the r e la t io n s h ip  
between rubble and s a n d f l i e s .
He trapped a garden w a ll  b u i l t  o f  lo o se  s to n es
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in  the M altese s t y l e  ( s im i la r  to the drystone dykes o f  
S cotland ) and found la rg e  numbers o f  p h lebotom i. The 
in s e c t s  appeared between 10 and 11 o 'c lo c k  a t  n ig h t ,  but 
were not seen  in  d a y l ig h t .
He i n v e s t i g a t e d  the  lo o se  r u b b l e  a t  base  o f  
some o ld  f o r t i f i c a t i o n s ,  and found  ph lebo tom us  l a r v a e  
"where i t  was damp and c o o l " .  M a re t t  (1913 an(i  1915 ) 
conf i rm ed  h i s  e a r l i e r  f i n d i n g s ,  and o b se rv e d  most o f  th e  
s t a g e s  i n  th e  development o f  th e  p h le b o to m u s .  He 
succeeded in  b r e e d i n g  ph lebo tom i i n  th e  l a b o r a t o r y ,  and 
would appear  to  be the  f i r s t  worker  to  do t h i s ,  a l th o u g h  
the  c r e d i t  i s  u s u a l l y  g iv e n  to  W hit t ingham  and Rook, who 
r e p o r t e d  t h e i r  r e s u l t s  i n  192^.
W hit t ingham and Rook (1922 and I9 2 3 2 ) 
ach ieved  s u c c e s s  by p ay in g  s p e c i a l  a t t e n t i o n  to  t h e  
c o n d i t io n s  o f  t e m p e r a t u r e ,  h u m id i ty ,  and food  s u p p ly ;  
and g e t t i n g  c o n d i t i o n s  i n  the  b r e e d i n g  cag es  a s  n e a r  
as  p o s s i b l e  to  th o s e  of t h e  s a n d f l y  b r e e d i n g  grounds  
in  n a t u r e .
L ife  H i s t o r y .  ( F i g u r e s  1 and 2 ) .
The f o l lo w in g  i s  a  summary o f  th e  l i f e  h i s t o r y  
o f  P .  p a p a t a s i i  ba sed  on th e  com prehensive  o b s e r v a t i o n s  o f  
Whitt ingham and Rook ( I9 2 3 1 and I9 2 3 2 ) and W hit t ingham  ( I 9 2 3 ) .  
Imago.
The newly h a t c h e d  ph lebo tom us  i s  snowy w h i t e ,  
excep t  the  e y e s ,  which a r e  b l a c k .  The body and wings 
a re  d e n s e ly  co v e red  w i th  h a i r s .  The wings a r e  m o i s t ,  
crumpled and h e l d  h o r i z o n t a l l y  over  t h e  body .  They
F ig u re  1.
TO ILLUSTRATE LIFE HISTORY OF PHLEBOTOMUS PAPATASII
(after WHITTINGHAM).
1 .  Fe r t il iz e }  e r r , s e v e n  >avs * r * «  ov ipos ir ion .
2 .  F ir s t  s t a r e  o f  l a r v a l  l i f e ,  tw o  t r y *  » l>
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Figure 2.
DIAGRAM OF LIFE HISTORY OF PHLEBOTOMUS PAPATASII.
DURATION 8 WEEKS.
Ist L a r v a .
L arva .
21ir  7)Ay.
B l o o d
F e e d .
Imaqo
Emerges
tzz£czcc(§k
CopULATioN
5 6  5 AYS.
3 4
do n o t  d ry  and u n fo ld  u n t i l  t h e  a tm o sp h e r ic  hum id i ty  
d e c r e a s e s ;  t h i s  u s u a l l y  o c c u rs  w i t h i n  t h r e e  h o u rs  a f t e r  
dawn. When t h e  wings a r e  d r y ,  th e y  a r e  r a i s e d  to  an 
ang le  o f  45° above the  body, and t h e  i n s e c t  i s  ab le  to  
f l y .  By t h i s  t im e ,  the  mouth p a r t s  have h a rd en e d ,  
and t h e  c r e a t u r e  i s  r e a d y  to  f e e d .
The mature  i n s e c t ,  a s  commonly seen  i n  rooms, 
m easures  abou t  3 mra# l e n g t h .  I t  i s  o f  a  v e ry  d e l i c a t e  
b u i l d ,  and i s  t h i c k l y  c o v e re d  w i th  f i n e  h a i r s .  The body 
i s  o f  a  lemon t i n t ,  b u t  i n  female  f l i e s  who have r e c e n t l y  
had a b lood  m ea l ,  th e  body may a p p e a r  a lm o s t  b l a c k .  The 
eyes  a r e  r e l a t i v e l y  l a r g e ,  b l a c k  and c o n s p ic u o u s .  The 
an tennae  a re  lo n g ,  f i l i f o r m ,  and c o n s i s t  o f  16 segm ents .
The p r o b o s c i s  i s  long  and c o n t a i n s  d e l i c a t e  p i e r c i n g  
o rg an s ;  on e i t h e r  s id e  the  bushy l a b i a l  p a l p s  a r e  f o ld e d  
back on th em se lv es  to  p r o t e c t  t h e  p r o b o s c i s .  The wings 
a re  l a n c e o l a t e ,  co v e red  w i th  f i n e  h a i r s ,  and p o s s e s s  a 
c h a r a c t e r i s t i c  v e n a t i o n ,  the  second l o n g i t u d i n a l  v e i n  has  
th r e e  d i s t i n c t  b r a n c h e s .  The wings a r e  a lways h e ld  
e r e c t ,  e x c e p t  when newly h a tc h e d  and s h o r t l y  b e f o r e  d e a th .  
The female f l y  has  a s p in d l e  shaped abdomen, w h i le  th e  
e x t e r n a l  g e n i t a l i a  o f  t h e  male a r e  l a r g e ,  and g ive  the  
p o s t e r i o r  e x t r e m i t y  of t h e  abdomen th e  a p p ea ran ce  o f  t h e  
t a i l  of  an a e r o p l a n e .  The i n s e c t  i s  r e a d i l y  r e c o g n i s a b l e  
fry i t s  sm a l l  e r e c t  wings and s h o r t  hopping  f l i g h t .
The complete l i f e  c y c le  o f  Phlebotomus 
p a p a ta s i i  in  summer covers  a p er io d  of about 8 weeks, the  
ex a c t  time depending on the food  su p p ly , temperature and
h u m id i ty .  In Malta, the  ovum stage lasts about 9 days; 
the  l a r v a l  s ta g e  aoout  28 days ;  the  p u p a l  s t a g e  abou t  10 
d ay s ,  and th e  imago s ta g e  abou t  14 d a y s . ( P i g .  2 ) .  Young, 
Richmond and B re n d i s h  (1926) found t h a t  t h e  ave rage  d u r a t i o n  
o f  th e  v a r i o u s  s t a g e s  of  the  l i f e  h i s t o r y  i n  Peshawar 
d u r in g  th e  summer w ere ,  egg to  l a r v a  11 .6  d ay s ,  l a r v a  to  
pupa 21*1 d ay s ,  pupa to  a d u l t  6*7 days and egg t o  a d u l t  
39*1 d a y s .
The Ovum m easures  ap p ro x im a te ly  - l e n g t h  0*385 mm, b r e a d t h  
0 #12 mm. I t  i s  ovoid  in  o u t l i n e ,  somewhat convex d o r s a l l y ,  
and f l a t t e n e d  or  s l i g h t l y  concave v e n t r a l l y .  At f i r s t  i t  
i s  g l i s t e n i n g  and p a l e  y e l lo w ;  b u t  a f t e r  24 h o u rs  th e  s h e l l  
becomes brown, d a rk en s  d a i l y  and s u r f a c e  m ark ings  a p p e a r .  
These ta k e  the  form of  l o n g i t u d i n a l  d a rk  r i d g e s ,  which  a r e  
i n t e r s e c t e d  a t  i n t e r v a l s  by c r o s s  r i d g e s .
About the  n i n t h  day ,  th e  embryo w i th  i t s  c a u d a l  
b r i s t l e s  which a p p e a r  as  two b l a c k  l i n e s ,  can be seen  th ro u g h  
the  d i s t e n d e d  egg s h e l l .  The egg s h e l l  i s  r u p t u r e d  i n  the  
d o r s o - a n t e r i o r  r e g i o n  by th d  a c t i o n  o f  th e  egg t o o t h  on th e  
head o f  the  l a r v a ,  and th e  l i t t l e  c r e a t u r e  em erges .  A 
h igh  t tam id i ty  i s  n e c e s s a r y  f o r  h a t c h i n g ,  which u s u a l l y  t a k e s  
p la ce  i n  n a tu r e  between m id n ig h t  and dawn.
Larva.  When newly h a t c h e d ,  th e  l a r v a  i s  w h i t e ,  m o is t
and g l i s t e n i n g  e x c e p t  f o r  th e  brown mouth p a r t s ,  egg t o o t h  
and c a u d a l  b r i s t l e s .  At t h i s  s t a g e  ( th e  b e g in n in g  o f  th e  
f i r s t  i n s t a r ) ,  the  c a u d a l  b r i s t l e s  l i e  a lo n g  th e  v e n t r a l  
s u r f a c e .  As the  l a r v a  d r i e s ,  the  c o l o u r  changes  to  g r e y ,  
and th e  c a u d a l  b r i s t l e s  r i s e  to  an a n g le  o f  45° .  The
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head becomes black, except for  a Y-shaped area on the dorsum. 
About an hour a f t e r  b ir t h ,  the la rv a  s t a r t s  to feed  g r e e d i ly .
The larva  has a head and twelve body segm ents. 
There are no e y e s .  The head i s  fu rn ish ed  w ith  strong jaws, 
c o n s i s t in g  o f  two m andibles d o r s a l ly ,  and a s in g le  v e n tr a l  
l a b i a l  p l a t e .  There are a few h a ir s  on the body, and on 
the head a p a ir  o f  sm all antennae.
A fter  feed in g  v o r a c io u s ly  fo r  f i v e  days, on the  
s ix t h  day the b lo a te d  l i t t l e  crea tu re  becomes s lu g g is h ,  s to p s  
fe e d in g ,  and the gut i s  em ptied. On the seven th  day u s u a l ly ,  
the f i r s t  moult o ccu rs ,  and the second in s ta r  b e g in s .  The 
old  skin  i s  shed by the  larva  tapp ing  th e  ground w ith  i t s  head, 
the l in e  o f  c leavage  b eing  a t  the base o f  the head segment. 
There are four i n s t a r s ,  and the d i f f e r e n c e s  in  the larvae  
are b r i e f l y  shown in  the  fo l lo w in g  t a b l e : -
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Table 2 .
S t a ge s  of L a rv a l  L i f e .
T ab le  showing th e  D u ra t io n  and Appearance of  Larvae d u r in g  
th e  v a r i o u s  s t a g e s  o f  L a r v a l  L i f e ,  ( a f t e r  W hit t ingham & Rook).
1----------------------
I n s t a r
Day8 o f  
L a r v a l  L i f e
D i s t i n g u i s h i n g  F e a t u r e s  
o f  th e  L a r v a e .
F i r s t 1 to  7 S in g le  p a i r  of  c a u d a l  b r i s t l e s  
and p r e s e n c e  o f  egg t o o t h .
Second 7 to  12 2 p a i r s  o f  c a u d a l  b r i s t l e s ,  
s l i g h t  p ig m e n ta t io n  o f  d i s t a l  
p a r t  o f  l a s t  segment.
Th ird 12 to  17
2 p a i r s  of c a u d a l  b r i s t l e s ,  
brown p ig m e n ta t io n  o f  whole 
o f  l a s t  body segment.
Fourth 17 to  26
2 p a i r s  o f  c a u d a l  b r i s t l e s ,  
brown p ig m e n ta t io n  o f  l a s t  
segment and c e n t r a l  p a r t  o f  
p e n u l t im a te  segment.
In  th e  28 th  days  o f  l a r v a l  l i f e ,  th e  grub grows 
from 0 *4-6 mm. to  3*78 mm. i n  l e n g t h .
The i n s e c t  p a s s e s  the  w in t e r  months i n  th e  
f o u r t h  l a r v a l  s tag e  and i s  f a i r l y  r e s i s t e n t  to  d ry in g  and 
m o i s tu r e •
At th e  c o n c lu s io n  o f  th e  f o u r t h  m o u l t ,  p u p a t io n  
o c c u r s .  The d u r a t i o n  o f  th e  t im e  between th e  h a t c h in g  o f  
the  ovum and p u p a t io n  may be a s  s h o r t  a s  24 d a y s ,  o r  a s  long 
as 202 d ay s .  The l a t t e r  f i g u r e  r e f e r s  to  h i b e r n a t i o n  
which o c c u rs  i n  t h e  f o u r t h  l a r v a l  s t a g e .  The e a r t h
temperature (4 foot) of below 65°  F. retards pupation.
When about  to  p u p a t e ,  the  l a r v a  seek s  a f a i r l y  dry  s p o t ,  
e . g . ,  th e  u n d e r - s u r f a c e  o f  a s t o n e .  I t  then  becomes 
v e ry  s l u g g i s h ,  and in  due co u rse  th e  pupa j u s t  em erges ,  
and no more, from th e  a n t e r i o r  end o f  th e  l a r v a l  s k i n .
The c a s t - o f f  s k in  becomes crumpled  and rem a in s  round the  
t e r m i n a l  segments o f  the  pupa l i k e  a w r i n k l e d  s t o c k i n g .
The Pupa m easu res  abou t  3 mm. i n  l e n g t h ,  and i s  ro u g h ly  
c lu b - s h a p e d .  The d ev e lo p in g  eyes  and an ten n ae  can be 
seen th rough  the p u p a l  c a s e .
The imago emerges a t  n i g h t  when th e  h u m id i ty  
i s  h ig h  by a r u p t u r e  o f  the  p u p a l  ca se  i n  t h e  r e g i o n  o f  
the c e p h a l o - t h o r a c i c  j u n c t i o n .
Feeding.  Only t h e  female  ph lebo tom us b i t e s .  A f e e d  
of blood i s  e s s e n t i a l  f o r  th e  eggs  to  become f e r t i l i s e d .
The i n s e c t  u s u a l l y  b i t e s  a f t e r  s u n s e t ,  u n l e s s ,  a s  a  r e s u l t  
of  s t ro n g  winds which may keep th e  s a n d f l i e s  i n  t h e  
b reed ing  g ro u n d s ,  t h e  i n s e c t s  a r e  d r i v e n  to  s e e k  food  by 
hunger,  and w i l l  th e n  b i t e  by d ay .  Man i s  u s u a l l y  b i t t e n  
on the exposed s k i n ,  b u t  the  i n s e c t  w i l l  a l s o  b i t e  th ro u g h  
a t h in  sock .
The ph lebo tom us a l i g h t s  w i th  wings  e r e c t  and 
body p a r a l l e l  t o ,  b u t  r a i s e d  o f f  th e  sk in  on which  i t  r e s t s  
In t h i s  a t t i t u d e ,  th e  f l y  may make s h o r t  r u n s  o ver  th e  s k in  
a p p a re n t ly  s e e k in g  a  s u i t a b l e  s p o t .  The f l y  s t e a d i e s  
i t s e l f ,  t h e n  q u i c k l y  lo w ers  i t s  body by sudden s p r e a d in g  
out o f  th e  l e g s ;  t h e r e  i s  v e ry  l i t t l e  t i l t i n g  fo rw ard  o f  
th e  body. The p r o b o s c i s  i s  i n s e r t e d  i n t o  t h e  s k in  f o r
half to two-thirds of its length. The actual "bite i s  
n o t  f e l t ,  the  p r i c k i n g  s e n s a t i o n  i s  cau sed  hy th e  s a l i v a ,  
and t a k e s  p la c e  a few seconds l a t e r .  The s a l i v a  d e l a y s  
c l o t t i n g  of the  "blood. W i th in  t e n  seconds  o f  s t a r t i n g  
to  f e e d  th e  "blood a p p e a r s  i n  t h e  s tom ach, and a f t e r  two 
and a h a l f  m in u te s ,  t h i s  o rgan  i s  so d i s t e n d e d  t h a t  i t  
a lm ost  f i l l s  th e  abdomen. The abdomen i s  b e n t  downwards 
so t h a t  th e  p o s t e r i o r  end a lm o s t  to u c h es  th e  s k in  s u r f a c e .  
The p r o b o s c i s  i s  w ithd raw n ,  and  th e  i n s e c t  f l i e s  away to  a 
low $ a r t  o f  t h e  room. Complete d i g e s t i o n  o f  th e  meal 
t a k e s  f i v e  days i n  a p r e g n a n t ,  and lo n g e r  i n  a  n o n - p re g n a n t ,  
f l y .
In  a l a t e r  p a p e r ,  ’Whitt ingham ( 1924 ) showed 
t h a t  the  female P. p a p a t a s i i  l i v e s  f o r  10 t o  14 d ay s ,  
dur ing  which some f e e d  d a i l y ,  b u t  most f l i e s  o n ly  e v e ry  
th r e e  o r  f o u r  d a y s .  The t im e ta k e n  f o r  a  b lo o d  f e e d  by 
a p r e v io u s l y  un fed  f l y  i s  abou t  two m in u t e s ,  and f i v e  to  
te n  m inu tes  by one which h as  f e d  p r e v i o u s l y ,  e s p e c i a l l y  i f  
p re g n a n t .
Young, Richmond and B ra n d i s h  ( 1926 ) m a in ta in e d  
t h a t  in  n a t u r e  th e  fem ale  ph lebo tom us u s u a l l y  f e e d s  on ly  
once, and i s  f e r t i l i s e d  d u r in g  t h e  f i r s t  36 h o u r s  o f  a d u l t  
l i f e .  A f t e r  a  b lo o d  m ea l ,  the  i n s e c t  rem a ins  in d o o r s  f o r  
60 to  84 h o u r s ,  t h e n  r e t u r n s  t o  th e  b r e e d i n g  g ro u n d s ,  l a y s  
i t s  eggs w i t h i n  108 h o u r s ,  and may r e p e a t  th e  p r o c e s s  o f  
f e e d in g  and o v i p o s i t i o n  a second t im e .
Copulation . This u s u a l ly  ta k es  p la ce  about the second day 
° f  ad u lt  l i f e .  In the m a jo r ity  (96 per c e n t . )  o f  c a s e s ,
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the female has had a blood meal prior to the a c t .  The 
cou rse  of  e v e n t s  is u s u a l l y  t h a t  the f em a le ,  hav ing  had 
a f e e d  of  b lood  on t h e  f i r s t  day ,  has  p a r t l y  d i g e s t e d  i t  
tw e n ty - f o u r  hou rs  l a t e r ,  and mounts to  t h e  h ig h e r  p a r t s  
o f  t h e  room. There the m ales  c o n g r e g a t e ,  a w a i t in g  the  
f e m a le s .  P h le b o to m i ,  e x c e p t  i n  c o p u l a t i o n ,  w i l l  be found
w i th  t h e i r  heads  p o i n t i n g  upwards on a w a l l .  The male 
ap p ro ach es  th e  female  from b e h in d ,  swings round  h i s  body 
and g r a s p s  the  p o s t e r i o r  e x t r e m i t y  o f  th e  female i n  h i s  
c l a s p e r s .  C o p u la t io n  t a k e s  abou t  t h i r t y  m in u t e s ,  and
once i s  s u f f i c i e n t  to  f e r t i l i s e  most o f  th e  eggs  i n  th e  
f em a le .  The d u r a t i o n  of  p regnancy  i s  7 to  10 d ay s ;  
f u r t h e r  f e ed s  o f  b lo o d  may be t a k e n ,  b u t  a r e  n o t  n e c e s s a r y  
to  the  development of  the  e g g s .  O v i p o s i t i o n  o cc u rs  on 
the  n i n t h  o r  t e n t h  day ,  th e  f l y  u s u a l l y  dy ing  i n  the  p r o c e s s  
on th e  f o u r t e e n t h  day o f  a d u l t  l i f e .  The f u l l  complement 
of  eggs in  the  o vary  i s  abou t  f o r t y ,  b u t  g e n e r a l l y  th e y  a r e  
no t  a l l  l a i d .
H a b i t a t . P h lebo tom i seek  a d a rk  s h e l t e r e d  s p o t  where
th e re  i s  n i t r o g e n o u s  m a t t e r  and a m odera te  d eg ree  o f  hum id i ty  
to la y  t h e i r  e g g s .  They b r e e d  i n  r u b b l e ,  i n  c r a c k s  i n  
embankments, w a l l s  and b u i l d i n g s ,  e s p e c i a l l y  a t  t h e i r  b a s e s ,  
in  sun c r a c k s  i n  th e  g round ,  and c u l t i v a t e d  s o i l .
Phlebotomi have been observed o v ip o s i t in g  on mosquito n e t s  
and in  c lo t h e s  during th e  humid summer weather in  M alta.
Young, Richmond and B r e n d i s h  ( I926)  found t h a t  
m a t e r i a l  i n  w hich  s a n d f l i e s  c o u ld  b r e e d  had j u s t  t o  be 
s u f f i c i e n t l y  damp to  cohere  to  t h e  f i n g e r  and thumb when
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rubbed  1)6 17/0011 them. The m a t e r i a l  was too  dry  i f  i t  
powdered to  d u s t  on ru b b in g  and too  wet i f  i t  s t u c k  r e a d i l y .
Sm ith ,  Mukerjee and L a i  (1936) I n d i a  
conf i rm ed  W hit t ingham and Rook’ s o b s e r v a t i o n s  and found 
t h a t  the  i n s e c t s  p a s s e d  th ro u g h  th e  w in t e r  i n  the  l a r v a l  
s t a g e ,  and t h a t  b r e e d in g  was encouraged  by d a r k n e s s ,  m o is tu re  
and t r a c e s  o f  o rg a n ic  m a t t e r .  They found  t h a t  a f a v o u r i t e  
b r e e d i n g  p l a c e  f o r  s a n d f l i e s  was the  c r a c k s  and c r e v i c e s  i n  
the  w a l l s  o f  d i l a p i d a t e d  l a t r i n e s .
The i n s e c t s  have a l s o  been  shown to  b r e e d  i n  
h o l e 8 i n  t r e e s  (Gabbi,  1915) and r e c e n t l y  McArthur ( 1942 ) 
remarked t h a t  the  i n s e c t s  may be c a r r i e d  i n  t im b e r  o r  o th e r  
ca rgoes  from p la c e  to  p la c e  i n  s h i p s ,  a  m a t t e r  o f  some 
importance i n  encampments where wooden h o s p i t a l  h u t s ,  l a t r i n e s  
or o th e r  wooden s t r u c t u r e s  a r e  b e in g  e r e c t e d .
Movements. The l a r v a e  move abou t  l i k e  c a t e r p i l l a r s ,  b u t  do 
n o t  wander f a r  f rom  t h e i r  b i r t h p l a c e ;  they  l i v e  i n  d a rk n e s s  
and have no e y e s .  The pupa i s  o n ly  a b l e  to  make s l i g h t  
backward and fo rw a rd  f l i c k s .
The imago p r o g r e s s e s  by a s h o r t  hopp ing  f l i g h t ,  
the  d i s t a n c e  of  a  s i n g l e  f l i g h t  b e in g  abou t  f o u r  y a r d s .
The i n s e c t  seldom t r a v e l s  more th a n  f i f t y  y a r d s  from i t s  
b reed ing  h a u n t s  d u r in g  i t s  whole l i f e .  T h is  knowledge i s  
im p o r ta n t  i n  c o n n e c t i o n  w i th  t h e  p r e v e n t i o n  o f  ph lebo tom us 
f e v e r .
The i n s e c t s  r e s t  by day i n  t h e i r  b r e e d i n g  p l a c e s  
or  on the  w a l l s  of  rooms, and a r e  a c t i v e  by n i g h t .  They
e n t e r  rooms by any o f  the  o p e n in g s ,  windows, d o o r s ,  v e n t i l a t o r s
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o r  c r a c k s .  The females remain low in  q u e s t  o f  a blood  
m ea l ,  b u t  the  m a le3 go to  t h e  h ig h e r  l e v e l s  to  a w a i t  the  
f e m a le s .  The f l i g h t  of the  i n s e c t s  i s  f e e b l e ,  and th e y  
avo id  a l l  a i r  c u r r e n t s ,  w hether  n a t u r a l  o r  a r t i f i c i a l .
As u p s t a i r s  rooms a re  more exposed  to  a i r  c u r r e n t s ,  t h e y  
a r e  l e s s  i n f e s t e d  w i th  ph leb o to m i  th a n  th o s e  on t h e  ground 
f l o o r .  (W hit t ingham and Rook 19231 )*
Pood. Pood d u r in g  t h e  l a r v a l  s t a g e s  c o n s i s t s  of
n i t r o g e n o u s  m a t e r i a l ,  such as  the  dead b o d ie s  o f  i n s e c t s ,  
l i z a r d s  f a e c e s  and o th e r  o rg a n ic  m a t e r i a l s ,  which commonly 
c o l l e c t  a t  th e  b a s e s  o f  w a l l s .  M o is tu re  i s  a l s o  r e q u i r e d ,
and t h i s  c o l l e c t s  a l s o  a t  th e  b a s e s  o f  w a l l s .  The male 
imago fe e d s  on o rg a n ic  m a t t e r .  The female  can f e e d  on
organ ic  m a t t e r ,  b u t  r e q u i r e s  a b lo o d  f e e d  to  become p r e g n a n t .  
Temperature and H um id i ty . A h ig h  deg ree  of h u m id i ty  i s  
r e q u i r e d  f o r  a l l  s t a g e s  of t h e  l i f e  c y c l e ,  e x c e p t  d u r in g  
h ib e r n a t i o n  in  th e  l a r v a l  s t a g e .  The a d u l t  f l y  would 
seem to  p r e f e r  a  r e l a t i v e l y  dry  a tm o sp h e re .
The i n s e c t  has  d e f i n i t e  t e m p e ra tu r e  r e q u i r e m e n t s .  
I t  h i b e r n a t e s  i n  t h e  f o u r t h  l a r v a l  s t a g e  when th e  e a r t h  
tem pera tu re  (4  f o o t )  f a l l s  below 65° 3T. A t e m p e ra tu r e  o f
over 90° p .  i s  i n j u r i o u s  t o  the  a d u l t .  The optimum
tem pera tu re  f o r  a l l  s t a g e s  i s  70° S'. t o  80° P.
A t t r a c t i o n .  Ph lebotom us i s  a t t r a c t e d  by human odour .
This im p o r ta n t  f a c t  was f i r s t  o b se rv ed  by B i r t  (1910^) ,  who 
s t a t e d  t h a t  many i n s e c t s  were t o  be found  i n  an i n h a b i t e d  
room in  d a rk  c o r n e r s  away from th e  l i g h t ,  w h i l s t  none were 
found i n  th e  v a c a n t  room n e x t  d o o r .
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Whittingham and Rook (I923M confirmed this by 
observing that sandflies accumulated in  ls.rge numbers in  the 
huts o f  the M altese other ranks, which v/ere c lo s e d  up every  
second week-end w h i l s t  the men were on le a v e .  The human 
odours from t h e ir  c lo th e s  and bedding grew stron ger  as the  
windows and doors were c lo se d  in  the tem p orarily  unoccupied  
huts*
Whittingham and Rook ( I9 2 3 2 ) com ple ted  t h e i r
paper th u s t -
"Phlebotomus p a p a ta s i i  i s  d i r e c t l y  r e sp o n s ib le  
fo r  the conveyance of phlebotomus fe v e r  to  man.
P rop h y lactic  measures a g a in s t  t h i s  fe v e r  must be 
d ire c ted  a g a in s t  the f l y .  I t  i s  on ly  by having  
a sound working knowledge o f  the l i f e  h is t o r y  and 
bionomics o f  t h i s  in s e c t  th a t  th e se  measures can 
be ap p lied  s u c c e s s f u l ly  and e c o n o m ic a lly . M 
Other Members o f  Phlebotom inae.
As most o f  th e  work has been done on P .* p a p a t a s i i , 
very l i t t l e  i s  known about o ther s p e c ie s  o f  th e  Phlebotom inae, 
which might be v e c to r s  o f  the f e v e r .  The e x is te n c e  o f  the  
in s e c t s  in  p rox im ity  to p a t ie n t s  has le d  ob servers  to  accuse  
P. p e r n ic io su s  (Rewstead 1911) .  P. minutus has been 
reported as the h o st  in  Aden (Strong 1942) .  P* a a r g e n t i ,  
and P. c a u c a s ic u s ,  and P. a r g e n t ip e s ,  have a ls o  been im p lic a te d .  
Such c o n c lu s io n s  have been based on c ir c u m s ta n t ia l  ev id e n c e ,
and not upon experim ental f a c t s ,  and, th e r e f o r e ,  must be 
accepted w ith  r e s e r v e .
Other Insects as Vector_s_.
Doerr and h ie  co-w o rk e rs  (I9O9) tested the 
bedbug (Cimex l e c t u l a r i u s )  and found t h a t  i t  d id  n o t  t r a n s m i t  
th e  f e v e r .  S a t i n  e t  a l .  ( 19441 ) c a r r i e d  out c o n t r o l l e d  
t e s t s  w i th  m o sq u i to s  (Culex p i p i e n s  and Aedes a e g y p t i )  and 
human f l e a s  (Pu lex  i r r i t a n s ) .  They showed t h a t  th e s e  
i n s e c t s  were unable  to  t r a n s m i t  th e  d i s e a s e .  The n e g a t iv e  
r e s u l t s  w i th  Aedes a e g y p t i  axe of s p e c i a l  i n t e r e s t  s in c e  t h i s  
m osquito  i s  the v e c t o r  of th e  v i r u s  i n f e c t i o n s  y e l lo w  f e v e r  
and dengue.  These d i s e a s e s ,  e s p e c i a l l y  th e  l a t t e r ,  have
many f e a t u r e s  i n  common w i th  phlebotomus f e v e r .
The P l i gh t  o f  Ph lebotom us.
E a r l i e r  o b s e rv e r s  had n o te d  th e  s h o r t  d i s t a n c e s  
of  f l i g h t  (M are t t  I913) and r a p i d  s id e  movements o f  the 
i n s e c t  in  f l i g h t  ( B i r t  1910^ ) .
Whit t ingham and Rook ( I9 2 3 2 ) s t a t e d : - 
"The a d u l t  ph lebo tom us,  when h a t c h e d ,  can only  
c ra w l .  L a t e r ,  when th e  wings a r e  d ry ,  i t  p r o g r e s s e s
by a s h o r t  hopping f l i g h t ,  u s u a l l y  t o  one s ide  or o t h e r .  
The d i s t a n c e  of a s i n g l e  f l i g h t  i s  n ev e r  more th a n  fo u r  
yards* and i t  does  n o t  t r a v e l  more th a n  f i f t y  y a r d s  from 
i t s  b r e e d i n g  h a a n t s ,  p r o b a b ly  l e s s .  T h is  knowledge i s  
im p o r ta n t  i n  connex ion  w i t h  p r o p h y l a x i s . "
. Sab in  e t  a l .  ( 19441 ) ,  r e v ie w in g  t h e  l i t e r a t u r e  
on t h i s  p o i n t ,  c o n c lu d e d ! -
"There i s  r e a s o n  t o  b e l i e v e  t h a t  t h e i r  range 
o f  f l i g h t  i s  v e ry  s h o r t ,  and t h a t  i n s e c t s  found i n  human 
h a b i t a t i o n s  p r o b a b ly  o r i g i n a t e  from b r e e d i n g  s i t e s  w i t h i n
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a radius of about 50 yards; there is some question, 
however,  as  to  w he the r  t h e r e  may he some e x c e p t i o n s  
to  t h i s  r u l e . "
Whitt ingham and Rook ( I9 2 3 2 ) a l s o  showed t h a t  
th e  i n s e c t  r e s t s  by day i n  some d a rk  c o r n e r  where th e re  i s  
l i t t l e  a i r  movement, or  r e t u r n s  to  t h e  b r e e d in g  g ro u n d s .
I t  i s  a c t i v e  by n i g h t ,  b u t  i t s  f l i g h t  i s  so f e e b l e  t h a t  a i r  
c u r r e n t s ,  w he the r  n a t u r a l  o r  a r t i f i c i a l ,  a r e  a v o id ed .
The i n s e c t s ,  i n  n a t u r e ,  r a r e l y  f l y  h ig h e r  th an  
10 f e e t  above ground l e v e l .  Owing t o  t h e i r  d e l i c a c y ,  they  
abhor  a i r  c u r r e n t s ,  and r e q u i r e  s t i l l  a tm o sp h e r ic  c o n d i t i o n s  
f o r  f l i g h t .  Whitt ingham and Rook (1923^) made a  c a r e f u l
s tudy of th e  e f f e c t s  o f  a i r  c u r r e n t s  on p h le b o to m i ,  and 
found t h a t  t h e r e  was a d e f i n i t e  r e l a t i o n s h i p  between th e  
fo rce  of t h e  w ind ,  and th e  number o f  f l i e s  found  in d o o r s .
Roughly s p e a k in g ,  t h e  f l i e s  were p r e s e n t  i n  h u t s  i n  in v e r s e  
p r o p o r t i o n  to  t h e  f o r c e  o f  t h e  w ind .  A f o r c e  f o u r  
(Beaufor t  s c a l e )  wind,  b lowing fo r  two or t h r e e  c o n s e c u t iv e  
days ,  c l e a r e d  the  ph lebo tom i  from th e  h u t s  on t h e  windward 
s ide  of the  R .A .P .  S t a t i o n  a t  C a l a f r a n a ,  and i n  t h e  h u t s  on 
the leeward  s id e  t h e r e  was a c o n s i d e r a b l e  r e d u c t i o n  in  t h e  
numbers o f  p h le b o to m i .
They p roved  t h a t  a r t i f i c i a l  a i r  c u r r e n t s ,  
produced by means of f a n s ,  g r e a t l y  r ed u ce d  th e  numbers o f  
i n s e c t s  i n d o o r s ,  and t h a t  t h i s  was a u s e f u l  means of p r o t e c t i o n .  
P e r s o n a l  O b s e r v a t io n s .
During May and  J u n e ,  1945 > a  number o f  o b s e r v a t i o n s  
on th e  b e h a v io u r  o f  p h leb o to m i  were made in  th e  R.N. H o s p i t a l ,
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Malta, with a view to ascertaining the best means of using 
the DDT insecticide liquid.
(a) The i n s e c t s  were g e n e r a l l y  more p r e v a l e n t  in
the lower f l o o r s  o f  b u i l d i n g s .  However, i n  t h e  S ick  
Officers1 B lo ck ,  which was on the t o p  f l o o r  o f  the S u r g i c a l  
B lo ck ,  and abou t  40 f e e t  above th e  ground l e v e l ,  t h e r e  was 
a f a i r l y  heavy i n f e s t a t i o n  of p h le b o to m i .  I t  was found 
t h a t  t h e  i n s e c t s  were b r e e d in g  i n  c o n s i d e r a b l e  numbers i n  
th e  s h e l t e r e d  ends  of  th e  v e r a n d a h s ,  where th e  w a l l s  were 
c rac k ed  and p ro v id e d  good b r e e d in g  s i t e s .
(*>) The f l i g h t  was co n f i rm ed  to  be s h o r t  and j e r k y ,
w i th  s id e  to  s id e  movements; p r i o r  to  a l i g h t i n g  on a  human 
b e in g ,  the  i n s e c t  was f r e q u e n t l y  o b se rv e d  to  h over  over  i t s  
v i c t i m  f o r  s e v e r a l  s e c o n d s .
(c) The i n s e c t s  r a r e l y  a t t a c k e d  p e r s o n s  i n  m o t ion ,
and w h i l s t  f e e d i n g ,  f lew  away i f  d i s t u r b e d  by m u scu la r  
c o n t r a c t i o n .  T h i s  was t e s t e d  r e p e a t e d l y  by s i t t i n g  a t  an 
open window and l e a n i n g  t h e  b a re  f o r e - a r m  on t h e  s i l l .
When a s a n d f ly  la n d ed  and s t a r t e d  to  f e e d ,  s l i g h t  movement 
o f  the  fo rea rm  m u sc le s  caused  i t  t o  f l y  away.
F u r t h e r  p r o o f  o f  t h i s  was obt&inhd by o b s e r v a t i o n s  
on the n u r s in g  s t a f f .  The R ig h t  Duty S i s t e r s ,  who, a s  a 
r e s u l t  of  t h e  number of c a s e s  to  be g iv en  P e n i c i l l i n ,  were 
c o n s t a n t l y  going  from ward to  ward i n  t h e  open, were, b i t t e n  
much l e s s  th a n  t h e  R ig h t  R u r s e s ,  who, when n o t  b u s y ,  s a t  a t  
duty t a b l e s  i n  t h e  m idd le  of t h e  w ards .  During  th e  e a r l y
months o f  1945* th e  R ig h t  Rurses  were b i t t e n  so b a d ly  on t h e  
l e g s  t h a t  i t  was b e in g  c o n s i d e r e d  w hethe r  t h e y  s h o u ld  n o t ,
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for protection of their legs against bites, wear white drill 
long  t r o u s e r s .
(d) The i n s e c t s  were n ev e r  obse rved  to  f l y  s t r a i g h t
in t o  a room and a t t e m p t  to  b i t e  an i n d i v i d u a l .  They u s u a l l y  
a l i g h t e d  round  the  window r e g i o n ,  where th ey  r e s t e d  f o r  some 
time b e f o r e  p ro c e e d in g  t o  some se c lu d e d  s p o t  w i t h in  th e  room. 
The f l i e s  moved in  a room by hopping f l i g h t s  a lo n g  t h e  w a l l s  
or  from one p ie c e  o f  f u r n i t u r e  t o  a n o t h e r .
The B i t e  of Ph lebotom us.
The v i r u s  i n o c u l a t e d  by one i n f e c t e d  phlebotomus 
i s  capab le  of  in d u c in g  th e  f e v e r  i n  a s u s c e p t i b l e  i n d i v i d u a l  
( B i r t  1915),  bu t  t h e  b i t e s  o f  numerous i n f e c t e d  ph lebo tom i 
f a i l  to  cause the  d i s e a s e  i n  some p eo p le  who appear  to  be 
n a t u r a l l y  immune to  t h i s  d i s e a s e  (W hit t ingham and Rook 1923^ 
and Whittingham 1938)*
Manson-Bahr (1945) s t a t e s  t h a t  the  b i t e s  o f  the  
san d f ly  o c c a s io n  a c o n s i d e r a b l e  amount o f  i r r i t a t i o n ,  
r e s u l t i n g  i n  hyperaem ia  and even oedema.
Sabin  and h i s  a s s o c i a t e s  ( 19441 ) have r e c o rd e d  
t h e i r  o b s e r v a t i o n s  on t h e  b i t e  of t h e  ph lebo tom us ,  t h u s : -
"While t h e  b i t e  i t s e l f  i s  u s u a l l y  p a i n f u l ,  t h e r e  
i s  no r e a c t i o n  to  i t  u n t i l  and u n l e s s  th e  p e r s o n  has  
deve loped  an a l l e r g y  to the  s e c r e t i o n s  d e p o s i t e d  d u r in g  
the  b i t e .  In  p e r so n s  n o t  p r e v i o u s l y  b i t t e n  by th e se  
i n s e c t s  t h e r e  i s  n e i t h e r  p a i n  nor  l o c a l  i r r i t a t i o n  a f t e r  
th e  i n i t i a l  s t a b .  The b i t t e n  s i t e  may be marked by a 
p i n p o i n t ,  r e d d i s h  or  haem orrhag ic  s p o t ,  o r  may be 
in c o n s p i c u o u s .  However, abou t  one to  two weeks l a t e r
48
(without exposure to other bites during the period) 
in f lam e d  p a p u le s  u s u a l l y  ap p e a r  a t  p r a c t i c a l l y  a l l  
th e  s i t e s  o f  th e  o r i g i n a l  b i t e s .  These p a p u le s
a r e  2 to  3 mm. in  d ia m e te r ,  r a i s e d  abou t  0 #5 mm., p in k  
o r  r e d ,  and n o t  i n f r e q u e n t l y  v e s i c u l a r .  T h e i r  
app ea ran c e  i s  n o t  n e c e s s a r i l y  a s s o c i a t e d  w i th  i t c h i n g ,  
a l th o u g h  modera te  to  seve re  i t c h i n g  i s  u s u a l l y  p r e s e n t  
l a t e r .  These l e s i o n s  a r e  p rom inen t  f o r  f o u r  to  f i v e  
d ay s ,  and th e n  s lowly  d i s a p p e a r .  Once s e n s a t i z a t i o n
i s  e s t a b l i s h e d ,  such  p a p u l e s  appea r  e a r l i e r  a f t e r  
subsequen t  b i t e s ,  and in  c e r t a i n  h y p e r - s e n s i t i v e  p e r s o n s ,  
t h e r e  i s  an a lm os t  immediate u r t i c a r i a l  r e a c t i o n  which 
may produce pronounced and e x t e n s i v e  s w e l l i n g  o f  th e  
e y e l i d s  o r  l i p s  when th e se  s i t e s  a re  b i t t e n .  Some 
p e r s o n s ,  however,  do n o t  become s e n s i t i v e . "
P e r s o n a l  O b s e r v a t i o n s .
During  t h e  1945 ep id em ic ,  many s a n d f ly  b i t e s  
were examined i n  h e a l t h y  p e r s o n s ,  i n  c a s e s  of  phlebotomus 
f e v e r  and i n  c a s e s  s u f f e r i n g  f rom  o th e r  d i s e a s e s .  The 
fo l lo w in g  p o i n t s  were n o te d .
(a) The a c t  of b i t i n g  was p a i n l e s s ,  b u t  s l i g h t  p a in
and i t c h i n g  ap p e a red  s h o r t l y  a f t e r  t h e  ph lebotom us had f lown
away. A f t e r  some h o u rs  a weal ap p e a red  i n  t h e  a r e a  around 
the b i t e .
(b) S an d f ly  b i t e s ,  though  g e n e r a l l y  on t h e  exposed
p a r t s ,  were n o t  i n v a r i a b l y  found t h e r e .  S e v e ra l  p e r s o n s  
were b i t t e n  on t h e  upper  abdomen and c h e s t ,  though  w ear ing  
py jam as .  During th e  warmest weeks o f  the  summer, p a t i e n t s
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were b i t t e n  on th e  f e e t ,  e s p e c i a l l y  on th e  t i p  o f  t h e  g r e a t  
to e  -  th e  p a t i e n t s  s l e p t  c o v e re d  on ly  by one s h e e t  f o r  c o o l n e s s ,  
and t h e  ph lebo tom i must have b i t t e n  them  th ro u g h  t h i s .
(c) The i n s e c t s  ap p ea red  to  show a p r e f e r e n c e  f o r  
b i t i n g  c e r t a i n  p a r t s  of t h e  body. F a v o u r i t e  s i t e s  were 
e y e l i d s ,  l i p s ,  p in n a  of t h e  e a r ,  pa lm ar  s u r f a c e  o f  th e  h ands ,  
fo re a rm s  and b a re  l e g s .
(d) I n d i v i d u a l s  v a r i e d  w id e ly  i n  t h e i r  s u s c e p t i b i l i t y  
to  b i t e s .  In  many p e r s o n s ,  the  b i t e s  caused  l i t t l e  more 
th a n  a t r a n s i t o r y  i t c h i n g ,  w h i l s t  i n  o t h e r s  who were a l l e r g i c  
to  t h e  s a l i v a r y  s e c r e t i o n s ,  the b i t e s  caused  c o n s i d e r a b l e  
s w e l l in g  and i r r i t a t i o n .  S e v e ra l  p e r s o n s  were se en  i n  whom 
the  v e s i c l e s  c o n t a i n i n g  b lood  s t a i n e d  f l u i d  were p ro d u ced .
The i t c h i n g  f rom  b i t e s  i n  s e n s i t i v e  p e r s o n s  was i n t e n s e ,  and 
the  oedema and i t c h i n g  to o k  up to  a week to  s u b s i d e .
The p r o c e s s  of s e n s i t i z a t i o n  a s  d e s c r i b e d  by 
Sabin e t  a l .  ( 19441 ) appeared  t o  be t h e  most f r e q u e n t  
sequence o f  e v e n t s .
(e) I n d i v i d u a l s  who had l i v e d  more th a n  a y e a r  i n  a
san d f ly  a r e a  ap p e a red  t o  be l e s s  a f f e c t e d  by th e  b i t e s  th a n  
newcomers. Of t h e  M altese  q u e s t io n e d  and examined,  n o t  one 
showed more th a n  a v e ry  s l i g h t  r e a c t i o n  to  the b i t e s  o f  th e s e  
i n s e c t s .  T h is  s u g g e s t s  t h a t ,  i n  t i m e ,  d e s e n s i t i z a t i o n  o c c u r s .
The above o b s e r v a t i o n s  a r e  i n  agreem ent  w i th  th o se  
ex p re s se d  by W hit t ingham ( 1938 ) ,  who s t a t e d  t h a t  t h e  immediate 
r e s u l t  was a weal a t  t h e  s i t e  of the  b i t e ,  which m ight  take  
twelve to  tw e n t y - f o u r  h o u rs  to  a p p e a r  and s e v e r a l  days  to  
d i s a p p e a r  i n  newcomers. Those who had been b i t t e n  r e p e a t e d l y
acGU-kreti an immunity to  the in se c t*  s sa liva .,  so tnat the  
w eals appeared and d isappeared  w ith in  a few hours.
Three c a s e s  were seen in  which the san dfly  h i t e s  
had caused a co n d it io n  which f i t t e d  the d e s c r ip t io n  o f  , Kararat . 
*Harara’ ( i . e .  Heat) i s  a sk in  c o n d it io n  produced by rejjeated  
b i t e s  and p r u r i t i s  fo l lo w in g  the  a t ta c k s  of s a n d f l i e s .  I t  
i s  commonly seen among newcomers to P a l e s t i n e ,  and ta k es  the 
form o f  an u r t i c a r i a l  sk in  erup tion  con fin ed  to the f a c e ,  arms 
and l e g s .  Small v e s i c l e s  and p apu les  about 7 mm. in  s iz e  
develop in  due co u rse , and th ese  become f i l l e d  w ith  c le a r  or 
blood sta in ed  f l u i d .  The i t c h in g  and s w e l l in g  a s s o c ia te d  
with th is  c o n d it io n  i s  o f te n  c o n s id e r a b le .
Cyc le  of I n fe c t io n  and R eservoir  o f  V iru s .
According to  th e  p resen t  B tate  o f  our knowledge, 
the d isease  i s  m aintained by passage from man to man through  
the medium of th e  in term ed ia te  h ost  and v e c to r  Phlebotomus 
p a p a ta s i i .  Secondly , c a s e s  do not a r i s e  by co n ta ct  when 
the vec tor  i s  a b se n t .  I t  i s  known t h a t  th e  v ir u s  d isappears  
quickly from the p e r ip h e r a l  b lood of human b e in g s .  R ecen tly ,  
however, i t  has been s ta te d  (Manson-Bahr 1945) th a t  the presence  
of the v ir u s  has been dem onstrated in  the blood by egg cu ltu re  
up to three to  fo u r  weeks a f t e r  the o n se t  o f  f e v e r .  There
i s  no ev id en ce  th a t  any lower animals carry  th e  v i r u s .  in
endemic r e g io n s  the n a t iv e  p o p u la t io n  are immunised a g a in s t  
the d ise a se  by one or more a tta c k s  of the fe v e r  in  ch ild h ood ,  
and frequent s u b c l in ic a l  doses  o f  th e  v ir u s  t h e r e a f t e r .  For
t h is  rea so n , the d is e a s e  i s  rare among the a d u lt  n a t iv e  
p o p u la t io n .
$1
In a s e r ie s  of  153 u n se lec ted  ca ses  tr e a te d  in  
R.N. H o sp ita l ,  7 ( 4 *6 per c e n t . )  were M altese . Two were 
r e c r u i t s  who had j u s t  jo in ed  the Royal Navy from the Maltese  
community in  Corfu, and two of the men had "been in  sea-go ing  
sh ip s  during th e  p rev ious summer. Their b r ie f  sojourn in  
h o s p i t a l ,  shown in  Table 3 , in d ic a te s  the m ildness o f  the f e v e r .
Table 3 .
M altese Ratings who su ffered  from Phlebotomus Pever 
in  a s e r ie s  of 153 c a s e s .
!
No. Name Rating
Age
Years
Duration in  
Ho s p i t a l  
Days Remarks J
Where 
Living  
in  I 944
1. J . Cauchi 0/Steward 23 5 Mild Case!
„
H.M. Ship in  
M editerranean.
2. J . Azzopardi Stoker 25 6 Mild Casej
i
Corfu, Greece.
3. A. S ic lu n a i/S tew ard 34 6 Mild Case|
w ith  | H.M. Ship in  
g a s tr o -  | Mediterranean, 
e n t e r i t i s f
4. J . Cauchi. A.B. 20 8
i
Mild Case Corfu, Greece.
5. M. S p i t e r i Stoker 23 : 5 Mild Case 1 M alta. 
1
6. J . Muscat Stoker 18 7 Mild Case Malta(C iv i l ia n )
7. J. S tafrace 0/Steward 28 
N. -  ~
7 Mild Case 
i___________
Malta.
These men were in  naval barracks w ith  easy  a cc ess  
to  m edical a d v ic e .  In th e  c i v i l i a n  p o p u la t io n , the d isea se  
i s  very r a r e ly  seen by the M altese gen era l p r a c t i t io n e r s .
The somewhat high proportion  in  the above s e r i e s  su g g ests  that  
the fe v er  may occur m ild ly  in  a number o f  M altese each year ,
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"but the i l l n e s s  i s  so t r i v i a l  t h a t  m edical advice i s  not 
sought. Such an occurrence would alio?/ the v ir u s  to 
m aintain i t s  v ir u le n c e  from year to year as the r e s u l t  o f  
human p a ssa g e . The data g iv e s  no in d ic a t io n  that the  
immunity in  M altese naval r a t in g s  diminished during sea  
s e r v ic e .
Doerr e t  a l .  ( 1909) found that a f t e r  a feed  of  
in f e c t iv e  b lood , Phlebotomus p a p a ta s i i  d id  not become in f e c t iv e  
fo r  7 to  10 days. This was confirmed by B ir t  (1910^) and 
S h o rtt ,  Poole and Stephens (19341 )* Prom t h i s  ev id e n c e , i t  
would appear th a t there i s  an in te r v a l  o f  about a week between 
the in g e s t io n  o f  the v ir u s  and the in s e c t  becoming i n f e c t i v e .  
Any changes in  the v ir u s  tak ing  p lace  in s id e  the in s e c t  during 
t h i s  in t e r v a l  are as y e t  unknown ( f i g .  3 )*
Another u n se t t le d  p o in t ,  although consid erable  
work has been done on i t ,  i s  the q u estion  of how the v ir u s  
su rv iv e s  the w in ter , when ad ult  f l i e s  are a b sen t. Doerr 
and h is  co-workers ( 19° 9 ) suggested  th a t  the v ir u s  was tra n s­
m itted  by the in fe c t e d  female san d fly  through i t s  ova from one 
gen era tion  to the n e x t .
Whittingham (1924) claimed from h is  experiments  
in  Malta and England th a t  phlebotomi were in fe c te d  in  th e ir  
breeding grounds and h ered ita r y  tran sm iss ion  was u n l ik e ly .
He reared phlebotomi in  cages w ith  M altese s o i l  and organic  
matter in  the form o f  dead in s e c t s  or l iz a r d s  f a e c e s ,  and 
found that these  f l i e s  were capable of tra n sm itt in g  san dfly  
f e v e r ,  but $n h is  experim ents, only  a f t e r  they had r e ce iv ed  
t h e ir  f i r s t  meal of  b lood . He, th e r e fo r e ,  su ggested  that
F i g u r e  5.
GYGLE OF INFECTION AND RESERVOIR OF VIRUS. (DIAG-RAMATIC).
Incubation period of 
rf days before 
Phlebotomus becomes 
infective.
? Life-cycle 
of virus 
in the insect.
Sick man 24 hours 
prior to fever or 
in first 24 hours 
of fever.
Same phlebotomus 
may feed again and 
transmit infection.
THEORY 1.
Infection of eggs 
hereditary transmission 
of virus.
(Doerr et al 
and recently 
Russian workers).
THEORY 
Larvae
2 .
infected by 
eating nitrogenous 
matter containing the 
virus. e.g. dead 
bodies of the phlebotomi.
(Y/hitt ingham).
THEORY o.
Acarine parasites 
which infest sandflie 
and may act as 
intermediate hosts. 
(Young et al).
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the v ir u s  survived  the winter e i th e r  free  in  the s o i l  or 
w ith in  the "bodies o f  the phlebotomus la r v a e .
He then bred f l i e s  in  s t e r i l e  breeding ca g es ,  
from the eggs of in f e c t iv e  f l i e s  which had been waahed in  
s t e r i l e  water to remove surface contam ination, and provided  
s t e r i l e  organic matter for the larvae to  feed  on* The
im agines which hatched out under these  c o n d it io n s  did not 
transm it phlebotomus fev er  to human v o lu n teers  ( a l s o ,  
Whittingham and Rook, 1922, and Whittingham 1922^ ).
He b e l ie v e d  th a t  the phlebotomus became in fe c te d  
e i th e r  in  the breeding grounds by the larvae in g e s t in g  the 
d e jec ta  or dead remains of  adu lt  s a n d f l i e s ,  or by feed in g  on 
man during the i n f e c t iv e  period* He has s ta te d  ( 1938) 
that in  the  former case the f l y  was in f e c t iv e  a f t e r  i t  had 
i t s  f i r s t  blood meal, w h i l s t  in  the l a t t e r ,  there was a s ix -  
day c y c le  in  the in s e c t  before i t  was in f e c t iv e  to man.
Young, Richmond and Brendish  ( 1926) have not 
confirmed Whittingham1s f in d in g s ,  and from th e ir  own 
experim ents, have come to d i f f e r e n t  c o n c lu s io n s .  They
observed th a t ,  under n atura l c o n d it io n s ,  the female P. p a p a ta s i i  
did not d ie in  i t s  breeding grounds a f t e r  o v ip o s i t io n ,  but 
returned in  search o f  fu r th er  blood m eals. The young larvae  
showed no p referen ce  fo r  the dead b od ies  of ad u lt  f l i e s ,  but 
in g e s te d  whatever organic m atter was most r e a d i ly  a v a i la b le .  
Young and h i s  c o l le a g u e s  found th a t  4 per c e n t ,  o f  s a n d f l ie s  
were in fe s t e d  w ith  acarine p a r a s i t e s ,  and have suggested  that  
these  m ite s  could con ce ivab ly  a c t  as in term ed iate  c a r r ie r s  o f  
the v ir u s .  However, Young agreed w ith  Whittingham on the
most important p o in t  -  that before an outbreak of sandfly  
fev er  occurred, an in f e c t io n  o f  the in sect in  the breeding  
grounds must be p o s tu la te d .
Y/hittingham (1924) proved th a t  a l l  phlebotomi 
were not in fe c te d  w ith  th e  v ir u s  of sandfly  f e v e r .
Moshkovsky and h i s  c o l la b o r a to r s  ( 1936) s ta r t in g  
w ith  ova from large numbers of phlebotomi which had fed  on 
p a t ie n t s  with the d is e a s e ,  proved in  a s e r ie s  of experiments  
th a t  c e r ta in  of the a d u lts  reared from these ova, away from 
any con tact  w ith  th e ir  ’p aren ts* , were capable of producing  
ty p ic a l  phlebotomus fev er  in  human v o lu n te e r s .  That the  
d ise a se  was phlebotomus fever  was proved by s e r i a l  passage  
o f  the in f e c t io n  to  other human b e in g s .  This work supports  
Doerr1s o r ig in a l  su g g es t io n  o f  h ered ita ry  tran sm ission  o f  thet
v ir u s .  In any c a s e ,  in f e c t io n  fo llow ed  the b i t e s  o f  r e c e n t ly  
hatched female s a n d f l i e s ,  thus d isprov ing  Whittingham1s 
a s s e r t io n  that the v ir u s  was transm itted  only a f t e r  the 
phlebotomus had already d ig e s te d  a meal of b lood .
Manson-Bahr ( 1945) remarked th a t t h i s  was the 
on ly  in stan ce  in  which an animal v ir u s  had been transm itted  
h e r e d i t a r i ly  by an in s e c t  v e c to r .  This f in d in g  might be 
an important ep id em io lo g ica l  c o n s id er a t io n ;  i t  would ex p la in  
the suddenness and e x te n t  of outbreaks o f  dandfly fev er  a t  
the beginning of the hot weather.
Dolmatova ( 1942) stu d ied  the l i f e  h is to r y  of  
P .  p a p a ta s i i  a t  S ta linabad  ( in  Middle A s ia ) .  He accepted  
the view of h ered ita ry  tran sm iss ion  of the v ir u s ,  and claimed  
that the p . p a p a ta s i i  was an e f f i c i e n t  v ec to r  o f  san d fly  fev er
owing to  t h i s  tran sm ission  of the v ir u s  to the ovum.
The weight of evidence i s  in  favour of the  
Russian view of h ered itary  tran sm ission  of the v ir u s .  
However, two p o in ts  are c l e a r : -
(1) I n fe c t io n  of the phlebotomus tak es  p lace  in  
the breeding grounds. T herefore, any c o n d it io n s  which 
favour the su r v iv a l  o f  larger  numbers o f  phlebotomi w i l l  
lead  to  la rg er  numbers o f  p o t e n t ia l ly  in fe c t e d  v e c to r s ,  
and tend to  cause an epidem ic, i f  s u f f i c i e n t  su sc e p t ib le  
human b ein gs are in  the area .
(2) The v ir u s  su rv iv e s  the w inter in  the breeding  
grounds, probably by one or more of the methods described  
above (P ig . 3 ) .
C lin ic a l  P ic  tu r e .
General.
During the au th or’ s in v e s t ig a t io n ,  i t  was not 
p o ss ib le  to  carry out a d e ta i le d  c l i n i c a l  survey on a large  
s e r i e s  o f  c a s e s .  The p erson a l ob servation s  in  the fo llo w in g  
pages are based on t h i s  exp er ien ce , and n o tes  kept on 153 ca ses  
fo llow ed  from admission to  h o s p i ta l  u n t i l  d isch a rg e .
A b r ie f  o u t l in e  of th e  c l i n i c a l  p ic tu r e  w i l l  be 
g iv e n , fo llow ed  by a more d e t a i le d  c o n s id e r a t io n .
A fter an incubation  p eriod  of about three  to  
seven days, and a short prodromal stage of m alaise and an orexia ,  
the on set of the fev er  i s  sudden. There i s  u su a l ly  c h i l l i n e s s ,  
o fte n  w ith  some sh iv er in g ;  r ig o r s  at t h i s  stage have been 
rep o rted . The most constant symptom i s  severe f r o n ta l
headache, w ith  pain a t  the back of the e y e s ,  accentuated  by 
pressure on th e  g lob es  or movement of the  e y e s .  Frequently  
there i s  g id d in e ss  and photophobia. There are ’ in f l u e n z a l ’ 
p ains  in  the back and l e g s ,  and a s th e n ia .  The p a t ie n t  
becomes drowsy, a p a th e t ic  and i r r i t a b l e  i f  roused, but s u f fe r s  
from insom nia. At t h i s  s ta g e ,  about the end of the f i r s t  24 
hours o f  the f e v e r ,  the su ffe r e r  i s  p ro stra te  and i l l .  The 
face  i s  f lu sh ed  and may look sw ollen; the con junctivae  are 
in j e c t e d .  There i s  no lachrymation or r e sp ir a to r y  ca ta rrh .
Anorexia w ith  s l i g h t  e p ig a s t r i c  pain  i s  common and c o n s t ip a t io n  
the r u le ,  though d iarrhoea and vom iting are seen o c c a s io n a l ly .
The cen tre  of the tongue i s  coated w ith  a white fu r ,  and there
i s  s l i g h t  c o n g e s t io n  of the fa u c e s .  The sk in  may be dry and
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and h o t ,  or drenched w ith  p e r s p ir a t io n .  The temperature 
remains e le v a ted  for ahout tw enty-four hours, then begins  
to  f a l l  gradually  over the next few days, and i s  u su a l ly  
normal by the fourth  day of the d is e a s e .  The p u lse  rate  
i s  r e l a t i v e l y  slow . The blood p ic tu re  u su a lly  shows a 
leucopen ia  w ith  an ab so lu te  decrease in  th e  number o f  
polymorphonuclear le u c o c y te s .
The p a t ie n t  u su a lly  g e ts  b e t te r  r a p id ly ,  though 
convalescence may be p ro tracted  by mental d ep ress io n , le th argy  
and insom nia.
Incubation P er io d .
The usual incubation  p eriod  i s  three to  seven  
days. The fo l lo w in g  ta b le  g iv e s  the len g th  o f  the incubation  
p eriod  as g iven  by various o b se r v e r s ! -
Table 4  
Incubation  P eriod .
O bserve rs
Incubation
P e r i o d
Days
Remarks
B ir t  (1915) 4 - 7
Graham ( 1915) 2 - 4 ------
J ew e ll  and I n fe c t io n  fromKauntze ( 1932) 3 -  9 s a n d f l i e s .
S h o r tt ,  Poole and 3 - 1 0 I n fe c t io n  from s a n d f l i e s .
Stephens (19341 ) ( 3 - 4  days in  in o c u l­
a t io n  ex p er im en ts) .
Whittingham ( 1938) 5 - 7 . ------
Anderson (1941) 6 - 1 0 In o cu la t io n  experim ents.
Sabin e t  a l .  ( 19441 ) 2-J* -  6 In o cu la t io n  experiments*
Manson - Bahr ( 1945) > I f.
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On se v era l  o cca s io n s  during the 1945 epidemic
in  Malta, s a i l o r s  whose sh ip s  had a rr iv ed  in  the  harbour 
*
three days p r e v io u s ly  were seen in  th e  e a r ly  s ta g e s  of the  
f e v e r .  In these c a s e s ,  the almost in v a r ia b le  s to ry  was 
that the p a t ie n t  had been granted ov er -n ig h t  shore leave on 
the n igh t of a r r iv a l ,  and had s le p t  the n igh t in  one o f  the 
san d fly  in f e s t e d  lod g in g-h ouses in  V a le t ta .
O nset.
The onset i s  u su a lly  sudden.
B ir t  ( I 9 IO2 ) found that a h is to r y  o f  a few days 
m alaise  made i t  d i f f i c u l t  to determine the beginning o f  the 
p y rex ia . C h i l l in e s s ,  nausea, headache, h eav in ess  and 
discom fort about the e y e s ,  lumbar pain and s t i f f n e s s  o f  the  
m uscles of the lower e x tr e m it ie s  and somnolence induced h is  
c a se s  to take to t h e ir  beds e a r ly .  They found them selves  
u n f it  f o r  duty n ext morning and reported  s ic k ,  u su a l ly  with  
temperatures o f  about 102° P. and a p u lse  ra te  o f  70 to 80 
per minute.
Anderson ( 1941) has s ta te d  th a t  in  about 50 per  
c e n t ,  o f  the ca ses  observed by him, there was a short rather  
vague premonitory p e r io d , during which th e  p a t ie n t  f e l t  
s l i g h t l y  * o f f - c o lo u r *, w ith  la s s i t u d e ,  l o s s  of a p p e t i t e ,  and 
s l i g h t  muscular d iscom fort .
S im ilar prodromata have been observed by many 
o th e r s .  In my exp er ien ce , a h is to r y  o f  s l i g h t  m alaise and 
mental d u lln e ss  fo r  about 24 hours before the on set o f  the  
fe v e r  and acute symptoms was f a i r l y  common. Cases o fte n  
reported  c h i l l i n e s s  as an i n i t i a l  symptom, but in  no case
was a rigor observed. In a number of patients in hospital 
who developed the fever, the commonest findings during the 
onset were drowsiness, giddiness and anorexia.
Symp t  omat o1o gy .
Once the temperature has r i s e n ,  the symptomatology, 
e s p e c ia l l y  during an epidem ic, i s  f a i r l y  c l e a r .  I t  i s  w e ll  
summarised by Anderson (1941) in  the fo l lo w in g  tab le  compiled 
from h is  s e r ie s  of  78 proved ca ses  of phlebotomus f e v e r !-
Table 5 *
Signs and Symptoms o f  Phlebotomus Pever,
(Anderson 1941V.
Percentage Occurrence in  
Symptoms. Severe Cases Mild Cases.
Headache. 100 100
M ala ise . 100 100
Pain behind Byes. 96 77
Photophobia. 7^ 28
Backache. 92 55
M yalgia. 92 63
P h y s ic a l  S ign s .
Hot dry s k in s .  100 100
Plushing o f  f a c e .  100 8 l
C onjunctiva l S u ffu s io n . 100 100
Pain on moving e y e s .  80 33
Coated tongue w ith  c lea n  red margin. 94 64
P au cia l in j e c t io n .  73 80
Bradycardia. 100 100
(a) Pever.
Pyrexia is a most constant sign of the disease,
and is usually present even in very mild cases.
S&bin and h is  c o l le a g u e s  (19442 ) found that  
in  more than 100 ca ses  o f  exp er im enta lly  produced phlebotomus 
fev er  65 per c e n t ,  had tem peratures of 102° P. or more.
The h ig h e s t  temperatures recorded were in  th e  reg ion  of  
104*5° 3?* > arid only 2 per c e n t ,  had temperatures under 
100° P. In t h i s  s e r i e s ,  the duration of th e  fe v e r  varied  
from one day to as long as nine days. The two, three and 
four day fe v e r s  c o n s t i tu te d  85 per ce n t ,  of the t o t a l .
Walker and Dods (1941) in  th e ir  s tu d ie s  of an 
outbreak in  1940 among the A u stra lian  Im perial Porce 
s ta t io n e d  in  Southern P a le s t in e ,  found th a t  in  the ca ses  
o f  n a tu r a l ly  occurring phlebotomus f e v e r ,  2 per c e n t ,  had 
a temperature o f  104° P, in  6 per c e n t ,  the temperature 
reached 103° P«> and on th e  average, the g r e a te s t  temperature 
was in  the reg ion  of 102*5° They a ls o  found th a t  the
duration  o f  the pyrex ia  was more than three days in  many 
c a s e s .
In a random s e r i e s  o f  153 c a se s  in  th e  1945 
epidemic in  M alta, the maximum temperatures are shown in  
Table 6 , and the  duration  o f  the fe v e r  in  Table 7 .
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Table 6.
MAXIMUM TEMPERATURES 
In S e r i e s  of  153 Gases i n  M a l ta ,  1945*
 ^ Temperature 
i n  d e g re e s .  
P.
Humber 
of Cases
P e rcen tag e  
of T o ta l
99 and l e s s 4 2* 6
$9 - 100 13 8*5
100 - 101 29 19-0
101 - 102 33 21*6
102 - 103 37 24-3
103 - 104 30 I 9 .5
104 - 105 7 4*6
T o ta l 153 .
Table  7 .
DURATION OP PEVER 
In S e r i e s  o f  153 Cases i n  M a lta ,  1945*
Humber 
o f  days .
Humber 
o f  Cases
P e rcen tag e  
o f  T o ta l
1 10 6*5
2 51 33-3
3 59 38 .5
4 20 13*0
5 10 6*5
6 2 1*3
7 1 0*7
T o ta l 153
... - ■ ■ T ....................
A fter admission to  h o s p i ta l ,  64*9 per c e n t ,  o f  
c a se s  had maximum tem peratures ranging "between 100° F. and 103°F. 
w h ils t  24*1 per c e n t ,  had temperatures above 103° F . , 11«1 per 
c e n t ,  had temperatures o f  100° F . , or l e s s .  Of the l a s t  
group, a number of th ese  c a se s  were seen la t e  in  the d is e a s e ,  
and the temperature was probably higher p r io r  to adm ission .
As to  the duration  of the p y rex ia , 84*8 per c e n t ,  
had two, three or four day f e v e r s ,  a s im ila r  f ig u r e  to th a t  
obtained  by Sabin e t  a l .  (19442 ) in  th e ir  s e r i e s  o f  experiment­
a l l y  produced c a s e s .
Table 8 g iv e s  a comparison w ith  the f ig u r e s  o f  
the e a r l i e r  workers.
Table 8 .
Comparison o f  Duration o f  Fever in  Several Epidem ics.
Place and 
Worker.
Number
of
Cases
Duration of P yrex ia  in  days per ce n t .
2 and l e s s . 3 ..... 4 ? £ 7 and more
Kalta
(Birt 1915) 243 zo 30 23 12 9 5
Nashera 
(Birt 1915) 160 - 22 27 24 20 6
Lemnos
Lambert 1918) 237 1 14 29 31 12 9
S* Africa  
(Sabin e t  a l .  
19442 ) 100 28 4-3 20 4 2 3
felt a, 1945.
Author1 s 
Avestigationa) 153 40 38 .5 13 6 .5 1 l
X  Experim entally  induced phlebotomus f e v e r .
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I t  shows th a t  the f e b r i l e  p eriod  was l e s s  in  
the au th or’ s in v e s t ig a t io n .  T his may have been due to  
the admission to h o s p i ta l  o f  a number of ca ses  la t e  in  the  
d is e a s e ,  but judging from the c l i n i c a l  d e s c r ip t io n s  i t  i s  
my view that the fever  in  Malta in  1945 was a m ilder v a r ie t y  
than th a t  seen before and during the F ir s t  World War.
The type o f  temperature curve most u su a lly  
recorded shows th a t  the peak i s  reached on th e  f i r s t  or 
second days, and i s  fo llow ed  by gradual d e ferv e scen c e .
T yp ica l ch arts  are shown in  f ig u r e s  4 and 5»
From th e  above in v e s t ig a t io n s  i t  can be 
concluded th a t  in  phlebotomus fev er  e le v a t io n  o f  temperature 
i s  a con stant f in d in g ;  i t  v a r ie s  w ith  th e  s e v e r i t y ,  and i s  
u su a l ly  h ig h e s t  on the f i r s t  or second days of the d is e a s e .  
They a ls o  confirm  the ob servation  f i r s t  made by Lambert 
(1918) th a t  the name 1 three-day  fever* as ap p lied  to  th e  
d ise a s e  i s  m is le a d in g , s in ce  the p y r e x ia l  p eriod  may vary  
from two to e ig h t  days, or more.
O c ca s io n a lly ,  the temperature r i s e s  again  a f te r  
i t  has been normal fo r  a day or two (McArthur 1942, Sabin 
e t  a l .  19442 , Anderson I 941) but th e  r i s e  i s  u su a lly  s l i g h t  
and much l e s s  marked than th a t  o f  dengue.
(b) P u lse  Rate.
Bradycardia in  phlebotomus fev er  i s  almost 
always p r e s e n t .  On the f i r s t  day of the d i s e a s e ,  the p u lse
ra te  i s  u su a l ly  e le v a te d ,  sometimes in  proportion  to the fev er
(Sabin e t  a l .  I9442 , Walker and Dods 194-1, and p ersona l  
o b s e r v a t io n s .)  But very soon th e  p u lse  becomes slow in
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F i g u r e  4 .
Typical Temperature Charts.
D I S E A S E .
SAND -FLY FEVSR.
Jfoles o f  Case. 
Jfame*
 DUFFY,.
William.
Age 40 years.
D ie t...........
Case Boole Jf?.
On admission 
complaining of. - 
Frontal headache 
Giddiness, 
Weakness,
Aches in limbs 
and small of 
back.
On examination.- 
Mental confusion 
ConJunetivae
suffused, 
Slight nuchal
rigidity, 
Photophobia, 
Tender eyeballs, 
Pain on eye
movements.
One month in 
Mediterranean.
Date o f admission.
*555$ June ’ 194&‘ 
12tn June,
Time.
1: 102Q
§ 101°
ffonna.1 | 
Temperat} 
o f  body. I
98°
-
D a y  o fD is
Tuise.
D I S E A S E .
SAND-FLY FEVER.
Bfotes o f  Case.
, WRIGHT,.
t f a m e \Harry A.
Age.
Diet
28 years.
194 b# E n te r e d , a t  S ta t io n e r s  J Ia l l .
Case BoolcB°
On admission 
complaining of. - 
Frontal headache 
Pain in eyes, 
Malaise, 
Shivering and 
sweating.
On examination. - 
Eyes suffused, 
Sweating,
Tongue coated 
with white fur 
clean at tip 
and edges,
Fauces congested 
Eyeballs tender.
24th June symptoms 
worse with some 
mental confusion 
thereafter condit-i 
-ion gradually 
improved.
F0U« M O N T H S  ili M £ T ) iT e R R & r i£ f lN .
Date o f admission.
23rd June., 1945...
29th June,
Time.
fformal j 
Tempera.t\ 
o f  body. I
98°
D a y o fD is  
Tulse.
D I S E A S E
P r in te d  a n d  P u b l 1945 E n te r e d , a t  S ta t io n e r 's  J Ia l l. P r in te d  a n d  1
Jfoles o f  Case.
f war.dt.....
^ame j Fredericks.
A ge 19 Years,...
D ie t.............
Case BookJf?.....................
On admission 
complaining of. - 
Frontal headache, 
Aches all over, 
Dry throat, 
Headache on 
previous day, 
could not sleep 
owing to fever- 
-ishness and 
pains behind the 
eyes.
On examination. - 
Flushed, hot dry 
skin, 
Many insect bites 
Conjunctivae
suffused, 
Photophobia,
Pain on moving ey< 
Tender eyeballs.
Five months in 
Medi terranean. 
Date o f  admission.
 14 th .  June, 1945...
r* ft 20th June,
....... 1945.
Time.
Jformal | 
Tempera.t\ 
ofbody. )
98
s. 97°
E n t e r e d  a t  S ta tio n e r 's  H a ll . 7*rinted a n d fu b ' i
■
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F ig u re  5.
Typical Temperature Chart.
D I S E A S E .
aAMXbELX-JEBm.:
Jfotes o f  Case.
/ BSQM.#....
Bfame\ Arthur,
Age 20 . years,
B ie l.........
Case BoolcJ\f°
Two days prior to 
admission developed 
frontal headache 
and drowsiness, 
felt feverish but 
did not report 
sick. Gradually 
got worse.
On admission 
complaining of. - 
• Frontal headache 
Dro vsiness,
Gi ddiness, 
Generalised ache 
Weakness.
On examination.- 
Conjunctivae
suffused, 
Pain on moving 
eyeballs, 
Profuse sweating, 
Numerous insect 
bites on skin.
Bate o f admission. 
20th July, 1945.
}lS t
12th August
Blo o d
WO.i00C
/l-C /trt
w  . # , c
nfe
PoLynat,
Mp.pjON.u;
B aiir i
Jformal j 
Tempera.t\ 
o f  body. )
98°
D a y o fD is
jTulse .
90 91 99 93 9k- 95  9 b  9 7 92 99 SO SI /
1945. E n te r e d , a t  S ta t io n e r s  Jia .ll. P r in te d  a n d  P u b l is h e d  by W o d d e r  sp o o n  it- C°LUG a te  S tr e e t  K in g s w a y  .w .c. 2 . Gould's C lin ic a l C hart.
-42°
-41°
-40°
-59°
-37°
-36°
L-55°
r e la t io n  to the p yrex ia; during con valescence an ab so lu te  
bradycardia i s  common. Typical p u lse  temxoerature data  
i s  g iven  in  f ig u r e s  4 and Walker and Do&s (1941)
found in  th e ir  ca ses  th a t  by the  time the temperature was 
normal, the average p u lse  r a te  was 60 per m inute, and that  
a r a te  o f  5° or even l e s s  was o f te n  found la s t in g  sev era l  
days in to  con va lescen ce .
Sabin e t  a l .  (19442 ) s ta te d  th a t  a true 
bradycardia was not always p r e s e n t ,  but when i t  occurred, 
u su a lly  a t  th e  end of the f e b r i l e  p e r io d , or during 
co n v a lescen ce , the p u lse  ra te  was in  the range of 40 to  60 
per m inute. They found th a t  th e  blood p ressu re  was 
freq u en tly  low during the d isea se  and convalss& ence.
Shortt e t  a l .  (19341 ) and Anderson ( 1941) 
have s t r e s s e d  the value o f  bradycardia as a p o in t  o f  
importance in  the  d i f f e r e n t i a l  d ia g n o s is  o f  san d fly  fev er  
from other causes of p y r ex ia .  In Malta, I found the 
presence of bradycardia a most u s e fu l  s ig n .
(c ) Nervous system .
Apathy and drow siness occur during the f e b r i l e  
period; insomnia i s  frequent and may p e r s i s t  f o r  aevqral  
n ig h t s .
Headache, u su a lly  s e v e r e ,  and c h a r a c t e r i s t i c a l l y  
f r o n ta l  or behind the eyes i s  alm ost in v a r ia b ly  p r e s e n t .
Anderson (1941) has s ta te d  th a t  th e  t y p ic a l
*sandfly headache1 appeared to  be low f r o n t a l ' ,  extending  
in to  the o r b i t s * .
In severe c a se s  the headache may in v o lv e  the
o c c ip i t a l  area , or appear to  be g e n e r a l is e d .  G iddiness  
i s  o f te n  p r e sen t ,  and accompanies the headache.
Walker and Dods (1941) describ ed  areas of  
h yp eraesth es ia  o f  the skin over the lower part o f  the 
neck and upper part o f  the abdomen.
The p u p il la r y  r e f l e x e s  are normal and the  
knee je r k s  and abdominal r e f l e x e s  u n a ltered , although they  
may tefcd to  be s lu g g is h .  There i s  no true nuchal r i g i d i t y ,  
but the neck may be p a in fu l  due to  m yalg ia .
(d) Ey e s .
C onjunctival su f fu s io n  i s  p resen t in  almost 
every c a s e ,  and the in t e n s i t y  o f  the co n g estio n  depends on 
the s e v e r i ty  o f  the a t ta c k .  Photophobia i s  common, and 
may be in te n s e ,  causing the p a t ie n t  to  hold h is  hand over 
h is  e y e s .  There i s  pa in  on movement o f  the e y e s ,  which 
Anderson (1941) has suggested  i s  due to  m yalgia of the  
o r b i t a l  m uscles . The e y e b a l ls  are almost always tender  
on p ressu r e .
Shee (1942) has d escr ib ed  varying degrees o f  
choking of the o p tic  d i s c s  in  tw enty-seven  out o f  t h ir t y  
ca ses  o f  san d fly  f e v e r .  The co n d it io n  ranged from b lu rr in g  
o f  the edges o f  the d i s c s  w ith  d is t e n s io n  o f  the r e t i n a l  v e in s  
to frank pap illoedem a. I t  was seen in  the e a r l i e r  s ta g e s  of  
the f e v e r ,  but was sometimes moremarked on the  second day.
In severe ca ses  i t  was s t i l l  v i s i b l e  on the  day a f t e r  the 
temperature had s ta r te d  to  f a l l .  I t  has been regarded as  
being due to an in crea se  in  the pressure of the cereb ro sp in a l  
f l u i d .  This s ign  should prove o f  value in  th e  d ia g n o s is  o f
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doubtfu l c a ses  i f  Shee's  f in d in g s  are confirmed "by 
fu rth er  in v e s t ig a t io n .
(©) The Mouth and Throat.
A number of workers (B ir t  I 9IO2 , Whittingham 
and Rook 19233- and o th e rs )  have s ta te d  th a t  the tongue i s  
coated  w ith  a w h it ish  y e l lo w , or w h it is h  brown, fu r ,  on the 
dorsum, w h i ls t  the margin and t ip  remain red and c le a n .
In my experience t h i s  appearance of the  tongue was a frequent  
f in d in g .  But in  other f e b r i l e  d i s e a s e s ,  e s p e c ia l l y  
i n f e c t iv e  h e p a t i t i s ,  the tongue had a s im ila r  appearance. 
T herefore , w h ils t  the s ig n  i s  worth n o t in g ,  i t  was not of  
much d ia g n o s t ic  v a lu e .
Some c l i n i c a l  observers (Whittingham 1938, 
Anderson 194-1) have described  f a u c ia l  con g es tio n  as common 
in  san d fly  f e v e r .  Sabin and h is  co-workers (1944-2) have 
s ta te d ,  "In the mouth one may f$;nd co n g estio n  o f  the fa u c e s ,  
s o f t  p a la te  and p o s te r io r  pharyngeal w a l l ,  but the pronounced 
sw e ll in g  or redness of the t i s s u e  seen in  b a c t e r ia l  in f e c t io n s  
o f  the th roat was not en co u n tered .rt My o b serv a tio n s  were 
s im ila r  to  those o f  Sabin, but in  the h©t, dusty summer 
weather o f  M alta, s l i g h t  degrees of f a u c ia l  co n g es tio n  were 
not uncommon in  h ea lth y  p erson s .
B ir t  (19102 ) Whittingham (1938) and Walker and 
Dods ( 1941) have d escrib ed  the presence o f  crops o f  v e s i c l e s  
without inflammatory r e a c t io n  a t  the ju n c t io n  of the hard and 
s o f t  p a la t e s .  Sabin e t  a l .  (1944^) f a i l e d  to observe these  
v e s i c l e s  in  th e ir  c a ses  o f  exp er im en ta lly  produced phlebotomus 
f e v e r .  Walker and Bods (1941) suggested  that the presence
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of these  v e s i c l e s  was a fea tu re  of a number of v ir u s  
in f e c t io n s  as con trasted  with other in f e c t io n s .  They 
had observed s im ila r  v e s i c l e s  in  ca ses  o f  in f e c t iv e  
h e p a t i t i s .
I found the v e s i c l e s  as d escr ib ed  in  a number 
o f  ca se s  of phlebotomus fe v e r  in  194-5* "but they  were a ls o  
observed in  p a t ie n t s  su f fe r in g  from in f e c t iv e  h e p a t i t i s  
and other d i s e a s e s .  In a d d it io n ,  the v e s i c l e s  were found 
without g iv in g  r i s e  to any symptoms in  the  th r o a ts  o f  a 
number o f  apparently  h ea lth y  in d iv id u a ls .
At p r e s e n t ,  the evidence on the  s ig n if ic a n c e  
of th ese  v e s i c l e s  i s  in c o n c lu s iv e .
( f )  The Skin.
The sk in  may be hot and dry or covered in  
p e r s p ir a t io n .  U su a lly  i t  i s  hot and dry in  th e  e a r ly  
s ta g e s ,  and the sweating i s  most marked w ith  the f a l l i n g  
tem perature. A c h a r a c te r i s t i c  f in d in g  in  t h i s  d isea se  
i s  f lu s h in g  of the f a c e .  The erythema u su a lly  co v ers  
the f a c e ,  neck and o c c a s io n a l ly  the upper part of the c h e s t .
The fa ce  has a lso  a somewhat sw ollen  appearance, and i s  
u su a lly  sh in ing  w ith  sw eat. T h is appearance of the fa c e ,  
w ith  the b lo o d -sh o t  e y e s ,  g iv e s  r i s e  to the t y p ic a l  1 san dfly  
f a c i e s ’ . The f lu s h in g  of the face  and neck c l o s e ly  
resem bles sunburn and in  s a i l o r s  appears on the area commonly 
exposed by th e ir  uniform s. On sev era l  o cca s io n s  the in t e n s i t y  
of the erythema was an a id  to  d ia g n o s is  as the p a t ie n t s  were 
known to me beforehand and th e  change in  t h e ir  appearance 
could be ap p rec ia ted .
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True sk in  rashes are ra r e ,  hut do occur.
They are u su a lly  b lo tch y  erythematous or maculo popular  
p a tc h e s . In 1945, I examined only one san d fly  fev er  
p a t ie n t  who had an erythematous rash  on h is  f a c e ,  trunk, 
arms and th ig h s ;  w ith in  a few hours the rash  became pa le  
and macular except on the f a c e ,  where i t  remained erythematous. 
Within 24 hours i t  had com p lete ly  faded, and l e f t  no s t a in in g .  
W hilst th e  rash  a t  f i r s t  suggested  r u b e l la ,  the marked 
co n ju n c t iv a l  in j e c t io n ,  f r o n ta l  headache and other c l i n i c a l  
evidence was in  favour o f  a d ia g n o s is  o f  phlebotomus f e v e r .
In ca ses  o f  t h i s  d isea se  large  numbers o f  in s e c t  b i t e s  are 
freq u en tly  seen on the exposed p a rts  of th e  body.
(g) M uscles.
P a ins in  the m uscles o f  the back, e s p e c ia l l y  
in  the lumbar r e g io n , and in  those of the arms and l e g s ,  are 
common. The backache may be se v e re .
Anderson ( 1941) s ta te d  th a t  in  h is  s e r i e s ,  the 
m uscles were sometimes tender to  p a lp a t io n .  A lso , th a t  
the pain  on moving the eyes  was due to m yalgia a f f e c t in g  the 
eye m u sc les . He found th a t  most of th e  j o in t  pa ins  
complained o f  by p a t ie n t s  turned out to  be pain  in  the 
m uscles round the j o i n t .  Only one p a t ie n t  in  h i s  s e r i e s  
had a true a r th r a lg ia ,  which was r e fe r r e d  to  the k nees.
(h ) G a s tr o - I n te s t in a l  System.
Anorexia i s  a con stant f e a tu r e .  Uausea and 
vom iting are r a r e .  C on stip ation  i s  common during the 
f e b r i l e  p e r io d , but diarrhoea i s  sometimes p r e s e n t .
During th e  1945 outbreak, e s p e c ia l l y  a t  the  
begin n ing , a number of c a se s  of san d fly  fev er  in  which
diarrhoea was a prominent symptom were admitted to h o s p i ta l .  
As many of these  p a t ie n t s  were new-comers to Malta and had 
probably contracted  phlebotomus fev er  during a l l  n igh t shore 
le a v e ,  i t  was thought probable th a t  they were s u f f e r in g ,  in  
a d d it io n , from a type of g a s t r o - e n t e r i t i s  common in  Malta 
( ’Malta Dog’ ) as a r e s u l t  of th e  contaminated food they had 
eaten  in  the lo c a l  r e s ta u r a n ts .
( i )  G en e ra l .
In phlebotomus fev er  there i s  no enlargement 
of the lymphatic glands as there i s  in  dengue I nor do the  
sp leen  and l i v e r  become p a lp a b le .
Pranz, in  th e  paper by Doerr, Eranz and Taussig  
( 1909) s ta te d  th a t  e p i s t a x i s  sometimes occurred and, w ith  
d iarrhoea , were common a f t e r  the second day. E p is ta x is  
has been reported  by o thers (Whittingham 193$, Lambert 1918, 
and o th e r s ) ,  but none of the ca ses  observed by me during  
1945. had e p i s t a x i s .
Doerr and Russ ( 1909) claimed th a t  the f i r s t  
c a ses  in  an outbreak were u su a lly  m ild . They su ggested  
that the v ir u le n c e  of the v ir u s  appeared to  be dim inished  
in  the passage from the a d u lt  f l y  to i t s  o f f s p r in g ,  and was 
regained a f t e r  p ass in g  through man a g a in . In 1945, a 
consid erab le  number of severe c a se s  were seen  during the  
f i r s t  weeks of the ep idem ic, and no evidence to support the  
above view was ob ta in ed .
There are no c o m p lica t io n s .
C l in ic a l  Type s .
Anderson (1941) suggested  th a t  a c l i n i c a l
c l a s s i f i c a t i o n  of ca ses  of phlebotomus fev er  in to  two ty p e s ,  
severe and m ild , was advantageous. In the severe typ e ,  
the c l i n i c a l  syndrone was d e f i n i t e ,  and there was no doubt 
about the d ia g n o s is .  But in  the mild ty p e ,  the c l i n i c a l  
p ic tu r e  was l e s s  d e f in i t e  and some fe a tu r e s  t r a d i t i o n a l l y  
a ss o c ia te d  w ith  the d ise a se  were a b sen t.  He emphasised 
th a t  t h i s  was a c l i n i c a l  c l a s s i f i c a t i o n ,  and there was no 
c le a r  l in e  of demarcation between th e  two ty p e s .  The 
d ise a se  v a r ied  from very m ild  f e b r i l e  upset in  some in d iv ­
id u a ls  to a severe d e b i l i t a t i n g  fev er  in  o th e r s .
P a th o lo g y .
As san d fly  fev er  i s  probably never f a t a l ,  l i t t l e  
i s  known about the t i s s u e  changes during the acute stage of 
the i n f e c t io n .
Anderson (1941), on the c l i n i c a l  ev id en ce ,  
t e n t a t iv e l y  suggested  th a t  the t i s s u e s  most a f f e c t e d  by the  
v ir u s  were those of ectodermal and, to a l e s s e r  e x te n t ,  o f  
mesodermal o r ig in ,  w h i ls t  t i s s u e s  developed from the entodermal 
layer  appeared to  be only s l i g h t l y  a f f e c t e d .
C l i n i c a l  L ab o ra to ry  I n v e s t i ga t i o n s .
(a) U rin e .
The urine i s  o f te n  dark coloured  and scan ty ,  
due to  l o s s  o f  f lu id  by sw eating , but otherw ise normal in  
i t s  c o n s t i tu e n t s .
(b) C e re b ro s p in a l  E lu id .
Le Gac and Albrand (1937) examined the cereb ro sp in a l  
f lu id  in  14 c a se s  of the d i s e a s e ,  and found that there was an 
increase  in  the p ressu re , albumin, c e l l  con ten t (10 -  110 lympho­
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c y te s  per C.mm.); and a s l i g h t  decrease in  c h lo r id e s .
The co lour of the  f lu i d  and i t s  sugar con ten t  were normal, 
and in  c u l tu r e s ,  no b a c te r ia  were found.
Whittingham ( 1938) s ta te d  th a t  th e  c e l l  con ten t  
was s l i g h t l y  in creased  (about 11 le u c o c y te s  per C.mm) the 
c e l l s  being c h i e f l y  lymphocytes, and the p r o te in  content was 
somewhat r a is e d ,  but did not exceed 50 mgm. per 100 c . c .
On the other hand, Sabin and h i s  co-workers  
(1944.2 ) performed 5 lumbar punctures on v o lu n tee rs  s u f fe r in g  
from exp er im en ta lly  produced phlebotomus fev er !  two on th e  
f i r s t  day and three on the second day of the d is e a s e .  The 
cereb ro sp in a l f lu i d  was not under p ressu r e , and was normal 
as regards c e l l s ,  p r o te in ,  sugar, c h lo r id e s  and the c o l l o i d a l  
go ld  t e s t .  In o cu la t io n  o f  the C.S.E. in  large  doses in to  
human b ein gs  d id  not produce the d is e a s e ,  w h i l s t  the b lood  
serum from the same v o lu n te e r s  d id .
( c ) Blood.
Whittingham ( 1922) rev iew ing the l i t e r a t u r e ,  
showed th a t  Dr. Skey, as e a r ly  as 1816, had remarked on the  
absence of the ’b u ffy -co a t*  in  specimens o f  blood in  the 
short summer fever  of the M editerranean.
McCarrison ( 1906) in  h is  ca ses  in  the  C h itr a l ,  
reported  the presence o f  leu co p en ia , w ith  a r e la t iv e  decrease  
in  th e  number of polymorphs, and an in crea se  in  the large  
mononuclear le u c o c y te s .  This in crease  has not been 
confirmed by subsequent w orkers.
The leucopen ia  a s s o c ia te d  with t h i s  d isea se  was 
alscmoted by Doerr and h is  co-workers ( I 9O9 ) and B ir t  ( I 9 IO2) .
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The l a t t e r  s t a t e d  t h a t  in  a d i f f e r e n t i a l  w h i te  c e l l s  c o u n t ,  
th e  polymorphs were u s u a l l y  in  t h e  r e g io n  of  57 Per c e n t ,  i n s t e a d  
o f  65 to  70 p e r  c e n t .
Whittingham ( I 9 2 2 ) from h is  in v e s t ig a t io n s ,  
concluded th a t a t  the onset o f  the fev er  there was a s l i g h t  
l e u c o c y t o s i s ,  which passed o f f  in  a few hours. This was 
fo llow ed  by a leucopen ia  which la s t e d  three to four days, 
and th a t  on the fou rth  day o f  the d ise a se  the t o t a l  w hite  
c e l l  count might f a l l  to 3 , 500 Per c.mm. On about the  
ten th  day of the d isea se  he observed a tr a n s ie n t  le u c o c y to s is  
in  s e v e r a l  c a s e s .
Kennedy ( 1937 ) showed t h a t  i n  t h e  course  o f  th e  
f e v e r  many immature polymorphs appeared  in  th e  b lood  p i c t u r e ,  
w i th  a s h i f t  o f  the  A rne th  index to  the  l e f t .  He found the  
l e u c o p e n ia  most marked on th e  f i r s t  and second days and an 
a b s o lu t e  d ec re a se  i n  th e  number of  po lym orphonuclear  l e u c o c y t e s ,  
w i th  a r e l a t i v e  ly m p h o cy to s is .  A s t r i k i n g  c h a r a c t e r  of  th e  
w h i te  c e l l s  was th e  l a rg e  p r o p o r t i o n  which showed d e g e n e ra t iv e  
changes .  A lso ,  t h e s e  a l t e r a t i o n s  i n  t h e  b lood  p i c t u r e  cou ld  
p e r s i s t  i n  v a ry in g  d eg ree s  f o r  th r e e  to  f o u r  weeks a f t e r  the  
f e v e r .  He found the  e o s i n o p h i l s  reduced  d u r in g  t h e  f e v e r ,  
b u t  they  r e t u r n e d  to  normal e a r l y  i n  c o n v a le s c e n c e .
Kennedy summed up h i s  f in d in g s  th u s , "Although 
the fev er  i s  short and never f a t a l ,  the d isea se  i s  ch a ra c te r ised  
by an afterm ath o f  d ep ress io n , both mental and p h y s ic a l ,  which  
may l a s t  fo r  months. This i s  more understandable when i t  i s  
seen what a profound a l t e r a t io n  in  the blood p ic tu r e  r e s u l t s  
from an a t t a c k ."
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Sabin  e t  a l .  ( 19442 ) c a r r i e d  ou t  a l a r g e  number 
o f  t o t a l  and S c h i l l i n g  l e u c o c y te  coun ts  in  over  150 c a s e s ,  
and reac h ed  th e  fo l lo w in g  c o n c l u s i o n s ! -
1 # The d ise a se  may or may not he a s s o c ia te d  w ith
a true leu cop en ia , hut a pronounced r e la t iv e  and ab so lu te  
red u ction  in  the number o f  segmented n eu tr o p h ils  a s so c ia te d  
w ith a sim ultaneous d e f in i t e  r e la t iv e  and ab so lu te  in crease  
in  immature n eu tr o p h ils  ( c h ie f ly  th e  s t a f f  c e l l s )  i s  a 
constant f e a tu r e .
2 . A red u ction  in  the t o t a l  number o f  le u c o cy te s  
to .b e lo w  5>000 per c.mm. from a higher normal l e v e l  may be 
expected  in  approximately 90 Per c e n t ,  o f  ca ses  during the  
course o f  the d is e a s e .
3 .  The leucopenia  i s  r a r e ly  encountered on the
f i r s t  day of the f e v e r ,  but i s  most marked in  the f i r s t  two
days of  the  p ost  f e b r i l e  p er io d .
4 .  During the second or th ird  days o f  the f e v e r ,
the number o f  lymphocytes may c o n s t i tu te  40 to  65 per c e n t ,  
o f  the  t o t a l  white c e l l s .  At the same t im e , the number 
o f  segmented n eu tr o p h ils  b eg ins to drop and immature c e l l s  
in crease  to a p o in t  a t  which they u su a lly  outnumber the  
segmented c e l l s .
5 . The mononuclear le u c o c y te s  are u su a l ly  normal
throughout, but in  some p a t ie n t s  a d e f in i t e  in crea se  occurs.  
The e o s in o p h i ls  o c c a s io n a l ly  d isappear during the course
of the d is e a s e ,  and there i s  no e o s in o p h i l ia  during  
con va lescen ce . The normal blood p ic tu r e  u su a l ly  re tu rn s  
f iv e  to e ig h t  days a f t e r  d e fe r v e sc e n c e •■
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They c o n s id e r e d  t h a t  t h e  changing r e l a t i o n s h i p s  
between t h e  d i f f e r e n t  ty p e s  of  l e u c o c y t e s  a t  v a r i o u s  s t a g e s  
o f  th e  d i s e a s e  were of  th e  g r e a t e s t  importance i n  a i d i n g  
d i a g n o s i s .  Like Kennedy, Sabin  and h i s  c o l l e a g u e s  have 
s t r e s s e d  th e  low p o ly n u c le a r  index  whic&. i s  found  i n  
phlebotomus f e v e r .
Sabin  and h i s  co -w orkers  ( 19442 ) a l s o  found th e  
e r y t h r o c y t e  s e d im e n ta t io n  r a t e ,  serum ph o sp h a ta se  e s t i m a t i o n s ,  
and the  Hanger c e p h a l i n  -  c h o l e s t e r o l  f l o c c u l a t i o n  t e s t  f o r  
h e p a t i c  damage showed no s i g n i f i c a n t  a l t e r a t i o n s  i n  phlebotomus 
f e v e r .
S e r o l o g i c a l  and o th e r  t e s t s .
Numerous u n s u c c e s s fu l  a t t e m p t s  have been made 
to  f i n d  a d i a g n o s t i c  t e s t  f o r  t h i s  d i s e a s e .
Anderson (1941) made c u l t u r e s  of  the  v i r u s  i n  
c h i c k  embryos, u s ing  samples  o f  b lood  from 132 p a t i e n t s  
c l i n i c a l l y  d iagnosed  a s  phlebotomus f e v e r .  P o s i t i v e  
c u l t u r e s  were o b ta in e d  in  78; d o u b t f u l  i n  14 , and n e g a t iv e  
i n  4 0 . O bvious ly  l i t t l e  im por tance  can be a t t a c h e d  to  
n e g a t iv e  r e s u l t s .
Sabin  e t  a l .  (19442 ) t r i e d  u n s u c c e s s f u l l y ,  
u s in g  a c u te  and c o n v a le s c e n t  s e r a ,  to  d e v iseS -
(a)  A p r e c i p i t i n  r e a c t i o n .
(b) A complement f i x a t i o n  r e a c t i o n .
(c)  A s k in  t e s t .
(A) An a g g l u t i n a t i o n  or  h aem o ly s is  r e a c t i o n ,
us ing  sheep and ch ick en  r e d  b lo o d  c e l l s .
(e) A t e s t  f o r  t h e  p re s e n c e  of  c o ld  a g g l u t i n i n s .
D i f f e r e n t i a l  D iag n o s is .
The d ia g n o s is  o f  phlebotomus fever  has to be 
made on c l i n i c a l  and e p id em io lo g ica l grounds. The d isea se  
occurs during the summer and autumn months in  endemic a rea s ,  
the time of year when other in f e c t io n s  are a c t iv e  in  warm 
c o u n tr ie s .  The appearance in  a number of in d iv id u a ls  o f  
a c l i n i c a l  syndrome c o n s is t in g  of a short sharp f e v e r ,  
accompanied by f r o n t a l  headache, slow p u ls e ,  in je c te d  
c o n ju n c t iv a e , muscular p a in s ,  togeth er  w ith  leucopen ia  w ith  
neutropenia and an in crease  in  the number of immature n e u tr o p h ils ,  
may reasonably  warrant a d ia g n o s is  o f  an outbreak o f  phlebotomus 
f e v e r .
The main d is e a s e s  l i a b l e  to be confused w ith  
phlebotomus fev er  are dengue, in f lu e n z a ,  m alaria  and, in  th e ir  
e a r ly  s t a g e s ,  the e n te r ic  group of f e v e r s ,  undulant f e v e r ,  
r e la p s in g  fev er  and typhus.
Dengue fev er  i s  more c l o s e ly  r e la t e d  to  
phlebotomus fev er  than any other d ise a se  and resem bles i t  
c l o s e l y .  In je c te d  e y e s ,  muscular p a in s ,  bradycardia and 
leucopenia  occur in  both d i s e a s e s .  The main f e a tu r e s  of  
dengue which help to  d i s t in g u is h  i t  a re , the p yrex ia  i s  
u su a lly  lo n g er , and there i s  the t y p ic a l  saddle-back  
temperature curve . Lymphadenopathy i s  common in  dengue, 
but absent in  phlebotomus f e v e r .  Skin r a sh e s ,  s c a r la t in ifo r m  
on the f i r s t  day and macular on the f i f t h  are common in  dengue.
In 194-5» there was no dengue in  M alta. The 
vector  (Aedes aeg y p ti)  i s  p reva len t  on the i s la n d ,  and outbreaks  
of dengue fev er  have been recorded in  the p a s t .
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R ecen tly , Kararnchandani (1946) has c a l le d  
a t te n t io n  to  the common fe a tu r e s  o f  dengue, phlebotomus 
fev er  and c e r ta in  other sh ort  term fe v e r s  common in  t r o p ic a l  
c o u n tr ie s .  He suggested  that these  were v a r i e t i e s  o f  same 
d isea se  produced by d if f e r e n c e s  in  the s t r a in s  o f  the v ir u s  
or in  the s u s c e p t i b i l i t y  o f  the p a t ie n t .  U n t i l  experim ental  
evidence i s  produced to support t h i s  v iew , I consider i t  
should be tr e a ted  w ith  r e se r v e .
In fluenza  epidem ics r a r e ly  occur in  the summer, 
and coryza and b r o n c h it i s  are not seen in  phlebotomus f e v e r .
The d ia g n o s is  of m alaria  depends on th e  f in d in g  
o f  the s p e c i f i c  p a r a s i t e s  in  a blood f i lm .  I f  the  p a t ie n t  
has been taking mepacrine r e c e n t ly ,  the p a r a s i t e s  are o fte n  
ab sen t. R igors, a t  the o n se t ,  are common in  m alaria  and 
rare in  phlebotomus f e v e r .  A leucocyte  and d i f f e r e n t i a l  
count may help  to e s t a b l i s h  the d ia g n o s is .  In mild or 
a ty p ic a l  ca ses  accurate d i f f e r e n t i a t io n  may be im p o ss ib le .
The e n te r ic  group of fe v e r s  are a t  tim es  
a t y p ic a l ,  e s p e c ia l l y  in  p a t ie n t s  who have been in o cu la ted  
w ith  th e  p r o te c t iv e  v a c c in e .  The f e b r i l e  period  may be 
short and, in  a d d it io n ,  bradycardia and leucop en ia  occur in  
the e n te r ic  f e v e r s .  However, c lo s e r  exam ination o f  blood  
f i lm s  fo r  the  presence of immature n e u tr o p h ils  and 
a g g lu t in a t io n  t e s t s  w i l l  u su a lly  r e v e a l  the true nature of  
the i n f e c t io n .
Undulant fev e r  as a cause o f  p yrex ia  and genera l  
m alaise in  th e  summer months may lead  to  d i f f i c u l t y  as  
neutropenia i s  o f te n  p r e s e n t .  But t h i s  in f e c t io n  i s  o f
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longer duration , profuse sweating i s  common, and the p a t ie n t  
has a h is to r y  of f e e l in g  w e l l  in  the morning and i l l  la t e r  
in  the day, u su a l ly  fo r  some weeks p r e v io u s ly .  A gg lu tin a tion  
t e s t s  for  B ru c e lla  w i l l  confirm  the  f in d in g s .
R elapsing f e v e r ,  when i t  pccurs in  san d fly  a rea s ,  
may, at i t s  onset he mistaken for phlebotomus f e v e r ,  but the  
l e u c o c y t o s i s ,  and the f in d in g  o f  the sp iroch ete  in  b lood  
smears w i l l  g iv e  the d ia g n o s is .
The onset o f  typhus, w ith  f e v e r ,  severe headache, 
muscle p a in s  and b loodshot e y e s ,  may resemble phlebotomus 
f e v e r ,  but in  typhus there i s  tachycard ia  and l e u c o c y t o s i s .
As the fev er  c o n t in u es , the s e v e r i ty  o f  the d isea se  w i l l  
become apparent and th e  onset of d e lir iu m  w i l l  be noted .
On th e  f i f t h  day the t y p ic a l  macular rash  appears. A 
p o s i t iv e  W eil-F e lix  r e a c t io n  confirms the  c l i n i c a l  d ia g n o s is .
The onset o f  W eilf s d isea se  may c l o s e l y  sim ulate  
san dfly  f e v e r ,  w ith  headache, p y re x ia ,  pains in  the c a lv e s ,  
co n ju n c t iv a l  in j e c t io n  and p r o s tr a t io n .  But a f t e r  four or 
f i v e  days, the appearance of ja u n d ice , enlargement and 
tenderness o f  the l i v e r ,  mucous and cutaneous haemorrhages, 
togeth er  w ith  a polymorphonuclear le u c o c y to s is  which p e r s i s t s  
throughout w i l l  g ive the d ia g n o s is .  This can be confirmed  
by a g g lu t in a t io n  t e s t s ,  which are p o s i t iv e  a f t e r  the f i r s t  
week. The L. icterohaem orrhagiae may be i s o la t e d  by
(1) cu ltu re  from the blood or (2) by in o c u la t io n  o f  the blood  
in to  a guinea p ig .
I n fe c t iv e  h e p a t i t i s  in  the p r e - i c t e r i c  stage  
may be a source of d i f f i c u l t y  as neutropenia occurB in  both
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d is e a s e s ,  and in  mild c a se s  exact d i f f e r e n t i a t io n  may not  
be p o s s ib le .  The appearance of jaundice exc ludes san dfly  
f e v e r .
In the outbreak in  Malta in  1944, two ca ses  of  
cereb rosp in a l fev er  were adm itted to  the H.N. H o sp ita l ,  
diagnosed phlebotomus f e v e r .  Bradycardia occurs in  both  
d is e a s e s ,  and in  c a se s  of doubt examination of the cerebro­
sp in a l  f l u i d  w i l l  u su a l ly  s e t t l e  the d ia g n o s is  (Murray 1945)*
During the summer of 1945 > a p a t ie n t ,  su f fe r in g  
from fr o n ta l  headache, pains in  the back, co n ju n ct iv a l  
su f fu s io n ,  drowsiness and f e v e r ,  was admitted to the  h o s p i ta l  
diagnosed as san dfly  f e v e r .  P e r s i s t e n t  tachycard ia  made 
t h i s  d ia g n o s is  d o u b tfu l.  On fu r th er  q u e s t io n in g , the 
p a t ie n t  complained o f  a s l i g h t  pain  in  h is  l e f t  g ro in , and 
a sm all tender lymph gland could be f e l t .  Gland puncture 
was performed, and a sm all gram n eg a tiv e  organism found in  
the f l u i d  obta ined , which, on c u ltu r e  and further  exam ination, 
proved to be P a s tu r e l la  p e s t i s .  This was an e a r ly  case o f  
bubonic p lagu e .
The d ia g n o s is  of phlebotomus f e v e r ,  e s p e c ia l ly  
i n  sp o rad ic  c a s e s ,  may be by no means e a sy . On the other  
hand, i n  the  presence of an outbreak, there i s  a tendency to  
l a b e l  a l l  c a se s  of p yrex ia  w ith  in d e f i n i t e  s ig n s ,  san d fly  
fever*  Bulmer (1943) s ta te d  th a t  in  18 months at  a base 
h o s p i ta l  i n  t h e  Middle B a s t , there were 1,153 examples o f  
s h o r t - t e r m  f e v e r s  i n  which a p r e c is e  d ia g n o s is  was not  
e s t a b l i s h e d .  805 o f  th e s e  were considered  to be san dfly  
f e v e r ,  bu t  i n  t h e  absence  o f  an epidem ic, i t  was d i f f i c u l t
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to be c e r ta in  o f  sporadic c a s e s .
C onva lescence .
L assitude and mental and p h y s ic a l  in ca p a c ity  
are common during co n v a lescen ce . The p a t ie n t ,  a f t e r  an 
atta ck  o f  san d fly  f e v e r ,  looks d e b i l i t a t e d  and ‘washed out* .  
Mental depressions occurs in  a number of c a s e s ,  and may take 
weeks to  c lea r  up. Return to  duty too soon in  my experience  
retarded  complete recovery .
Table 9 .
NUMBER OE DAYS IN HOSPITAL 
In S e r ie s  of 1^3 Cases.
Number 
o f  days
Number 
o f  cases
Percentage  
of T ota l
3 - 6 84 54 .9
7 - 9 61 39*9
10 -  12 4 2*6
13 and more. 4 2*6
T otal 153
Table 9 shows th e  number o f  days in  h o s p i ta l  
in  the s e r ie s  of 1^3 cases#  Owing to th e  shortage o f  
h o s p i ta l  accommodation, c a se s  were d isch arged  as soon as  
th e ir  tem peratures had been normal for two or three days. 
The m ajor ity  of p a t ie n t s  were se n t  from h o s p i ta l  fo r  a 
week’ s co n v a lescen t  leave  to a r e s t  camp.
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T rea tm en t .
There i s  no s p e c i f i c  treatm ent. Good n u rs in g , . 
and te p id  sponging during the f e b r i l e  p er iod  g r e a t ly  adds to  
the comfort of the p a t ie n t  and encourages s le e p .  In the 
Royal Naval H o sp ita l ,  M alta, the p a t ie n t s  were g iven  a dose 
o f  a m ild d ia p h o r e t ic ,  such as A.P.O. or Dover’ s powder, on 
adm ission . In cases  where the headache was se v e r e ,  30 
minims o f  Liquor Opii S ed ativu s , or T inctura Opii 10 minims 
were found u se fu l  fo r  g iv in g  r e l i e f .  Two cases  in  h o s p i ta l  
s u ffe r in g  from su r g ic a l  c o n d it io n s  fo r  which th e y  were 
r e c e iv in g  su lp h a th ia zo le  con tracted  the d is e a s e .  A lso , a 
number of c a ses  who had been g iven  sulphonamides p r io r  to  
adm ission t o  h o s p i ta l  were seen . These drugs d id  not appear 
to  have any e f f e c t  on the d is e a s e .
No o b serva tion s were made o f  the a c t io n  o f  
p e n i c i l l i n  on the d is e a s e ,  but i t  i s  u n lik e ly  th a t  i t  would 
have any b e n e f ic ia l  e f f e c t .
I t  i s  important t h a t  a l l  cases  o f  phlebotomus 
fev er  should be nursed in  san d fly  n e ts  during th e  f i r s t  48 
hours o f  t h e ir  i l l n e s s  to prevent the in f e c t io n  of other  
s a n d f l i e s  which may b i t e  the p a t ie n t .
Convalescent serum has not been used  
th e r a p e u t ic a l ly ;  the sh o rt  duration  o f  the fev er  in  most 
c a se s  and the absence o f  com p lica tion s  do not j u s t i f y  i t s  
prep aration  and a d m in is tra t io n . The n e u tr a l iz in g  e f f e c t  
o f  con va lescen t serum on serum c o n ta in in g  the  v ir u s  has 
been known fo r  a number of years (Doerr e t  a l .  1909) .
R ecen tly ,  Shortt  and h is  co-workers (193^) have shown th a t
con va lescen t serum can prevent the form ation of the  
t y p ic a l  le s io n  on the c h o r io -a l la n t o ic  membrane o f  the  
chick-embryo when mixed w ith  th e  v ir u s .
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IMMUNITY
General.
Doerr e t  a l .  ( 1909 ) found th a t  th e  serum of  
an in d iv id u a l  who had s u ffe r e d  from phlebotomus fev er  two 
years p r e v io u s ly  p o ssessed  p r o te c t iv e  a n t ib o d ie s  a g a in st  
the v ir u s .  They proved th a t  i f  1 c . c .  o f  the immune 
serum was mixed with 0*5 c . c .  o f  in f e c t iv e  b lood, the 
v ir u s  was n e u tr a l is e d  and no i l l n e s s  developed when the  
mixture was in je c te d  in to  a su sc e p t ib le  human volunteer*.
Lambert (1918) concluded from h is  ob servation s  
th a t  a s o l i d  immunity r e s u lte d  from one a ttack  in  90 per  
c e n t ,  o f  c a se s ;  the remaining 10 per c e n t ,  su ffered  from 
second a t ta c k s  which were u su a lly  m ild in  c h a r a c te r .
Cullinan and Whittaker (1943 ), in  an outbreak  
which in vo lved  two h o s p i ta l s  in  th e  Middle E ast, have s ta te d  
th a t  second a tta c k s  occurred in  15 per c e n t ,  o f  th e ir  c a s e s ,  
and o c c a s io n a l ly  there were three separate a t ta c k s  during  
the three months epidemic p er io d .
Shortt and h is  co-workers ( 19351 and I936) 
proved th a t  w h i l s t  an a t ta c k  o f  phlebotomus fev er  conferred  
a c e r ta in  degree o f  immunity, which might p e r s is t  fo r  a  y e a r  
a f t e r  an a t ta c k ,  the s t a t e  was incom plete and the in d iv id u a l  
might s u f f e r  from a m odified  a t ta c k  o f  the d ise a s e  in  a 
subsequent y ea r .
Shortt e t  al* (1940) used as a vacc ine  the v ir u s  
grown by e g g -c u ltu r e .  In in o cu la ted  v o lu n te e r s  immune 
b od ies  were subsequently  demonstrated.
Sabin e t  a l .  (19441 ) proved  th a t  p e rso n s
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recoverin g  from an experim ental a ttack  ^f the d isea se  were 
immune on r e in o c u la t io n  w ith  in f e c t iv e  serum fo r  at l e a s t  
four months th e r e a f t e r .  The same workers (19442 ) a lso  
showed th a t serum con ta in in g  th e  v ir u s  which had been 
ir r a d ia te d  with u l t r a v io l e t  l i g h t  appeared to  be capable  
o f  producing immunity without g iv in g  r i s e  to th e  d is e a s e .
The presen t day view has been summed up by 
Whittingham (193^) thus:
" About 75 Per ce n t ,  of new-comers to san d fly  
reg io n s  f a l l  v ic t im s  to phlebotomus fev er  during t h e ir  
f i r s t  summer. The v ir u s  in o cu la ted  by one in fe c te d  
phlebotomus i s  capable o f  inducing the fev er  in  a 
su sc e p t ib le  in d iv id u a l ,  but b i t e s  o f  numerous in fe c t e d  
phlebotomi f a i l  to cause d isea se  in  some people who 
appear to  be n a tu ra lly  immune to t h i s  d is e a s e .  In a 
few ca ses  the fev er  recurs four to  seven weeks a f t e r  
the primary a ttack ;  t h i s  i s  probably not a re la p se  but 
due to r e in fe c t io n  o f  an in d iv id u a l w ith  a low r e s is ta n c e  
to the in f e c t io n .  About 15 per c e n t ,  o f  Europeans 
d w ellin g  in  san dfly  fev er  d i s t r i c t s  su f fe r  from a second  
a tta c k  during t h e ir  sojourn . Probably a h igh proportion  
o f  Europeans su ffe r  from second and th ir d  a tta c k s  so s l i g h t  
th a t  th ey  are mistaken fo r  a s l i g h t  c h i l l ,  an a tta ck  o f  
headache, or the e f f e c t s  o f  o v e r -e x e r t io n  in  the h ea t .  
Children as a ru le  s u f fe r  l e s s  than a d u l t s .  n a t iv e s  
con tract  the d ise a se  in  childhood and th e r e a f te r  by 
frequent subminimal in f e c t io n s  m aintain  a complete 
immunity. M
M ultip le  A ttack s. (P ersonal O b servation s)
Several workers (Lambert 1918, C ullinan and
W hittaker, 1943, and o th ers)  had remarked that c e r ta in
*
in d iv id u a ls  su ffer ed  from three a tta c k s  in  the same epidem ic, 
but no s t a t i s t i c s  to  support t h i s  view were a v a i la b le .
Therefore, i t  was decided to in v e s t ig a t e  the l i a b i l i t y  to  
more than one a tta c k  in  the 1945 epidem ic.
A ll  p a t ie n t s  admitted to the  m edical e s tab lish m en ts  
in  Malta su ffe r in g  from san dfly  fev er  were g iven  a q u e st io n n a ire ,  
which, w ith  guidance from the ward s t a f f s ,  was completed p r io r  
to d isch a rg e . They were asked to s ta te  i f  they had p r e v io u s ly  
su ffer ed  from san dfly  fev er  in  1945 or in  p rev iou s y e a r s .  At 
the end o f  the epidemic p er io d , a s e r ie s  o f  ^00 c a s e s ,  as far  
as p o s s ib le  c o n s is t in g  o f  men who were s t i l l  in  Malta and could  
be in terv iew ed , or whose m edical records could  be checked, was 
obta ined . The men were in terv iew ed  e i th e r  by m yself  or the  
Sanitary  In sp ector  and th e ir  statem ents checked from the  
h o s p i ta l  or s ic k  quarters reco rd s .
The fo llo w in g  r e s u l t s  were ob ta in ed .
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T able 10.
In v e s t ig a t io n  o f  the frequency o f  
Second and Third Attacks o f  Sandfly Fever.
Humber 
of ca ses
Percentage  
o f  t o t a l
Humber o f  Cases of Sandfly Fever under rev iew . 500 100
Humber o f  Cases who had OHE a tta c k  in  194-5* 457 9 1 .4
Humber o f  Cases who had TWO a tta c k s  in  194-5* 39 7-8
Humber o f  Cases who had THREE a tta c k s  in  194*5• 4 0*8
Humber o f  Cases in  the S e r ie s  who had
an a tta c k  in  a p rev ious year .
I 94-4 53 —
1943 ix - -
Prev ious to 194-3 7 —
Of the four men who su ffer e d  from three a t ta c k s ,  
one was admitted to  h o s p i ta l  fo r  a l l  th r e e ,  another had h is  
th ir d  a tta c k  diagnosed by the m edical o f f i c e r  o f  h is  e s t a b l i s h ­
ment, but was not admitted to h o s p i ta l  as the i l l n e s s  was m ild .  
The other two ca se s  were adm itted to h o s p i ta l  w ith  what was 
considered  to be a second a t ta c k ,  and s ta te d  th a t  they had 
su ffered  from a m ild  a tta c k  in  the period  between the f i r s t  
and second adm ission to h o s p i t a l .  The t?/o men were i n t e l l i g e n t ,  
and were d e f in i t e  on t h i s  p o in t ,  and have been included  as
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having three a tta c k s  although medical con firm ation  was 
la ck in g .
In t h i s  s e r ie s  no man who had su ffered  from ' 
phlebotomus fev er  p rev ious to 194-5 developed more than  
one a t ta c k ,  hut a number of ca ses  who had su ffered  from 
the d ise a se  in  1944-, su ffer ed  from severe a tta ck s  in  1945.
I t  i s  concluded that an a tta c k  of phlebotomus 
fev er  leads to a f a i r l y  s o l i d  degree of immunity in  the  
m ajority  o f  in d iv id u a ls .  A small number o f  persons fo r  
some reason do not develop t h i s  immunity, and may su ffe r  
from a second a tta ck  in  the same epidem ic. On rare  
o c c a s io n s ,  a person may su ffe r  from three a t ta c k s  in  the 
one season. Although g e n e r a l ly ,  phlebotomus fev er  in  a 
person who has su ffered  from the d ise a se  in  a prev ious year  
i s  m ild , some in d iv id u a ls  are s e v e r e ly  attacked  by the  
d ise a s e  in  co n secu tiv e  y e a r s .
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PROPHYLAXIS.
Review of E x is t in g  P reven tive  Measures.
Ho s c i e n t i f i c  e f f o r t s  were made at p revention  
o f  th is  d ise a se  u n t i l  Marett (1915)* having found the  
breeding grounds o f  the phlebotomus, advocated rubble  
clearance and improved h yg ien ic  co n d it io n s  in  barracks.
The f i r s t  e x te n s iv e  study o f  the prevention  
o f  phlebotomus fev er  was that pub lished  by Whittingham and 
Rook (I9 2 3 1 ) . They s ta te d  two fundamental c o n d it io n s  
which had been proved by th e ir  e a r l i e r  re se a rch esI-
1 . Ifl t  i s  d e f in i t e  that the  in f e c t io n  tak es  
p la ce  in  the breeding grounds, and i t  fo l lo w s  th a t  
p ro p h y la c tic  measures a ga in st  the fever  must be d ir e c te d  
a g a in s t  the  f l y  e s p e c ia l l y  in  such p l a c e s . ”
2. “A sound knowledge of the h a b it s  and h a b ita t s
o f  the  phlebotomus i s  the keystone of s u c c e s s fu l  p ro p h y la x is .  
The i n s e c t ,  l ik e  many other p e s t s  o f  mankind, depends on 
organic m atter to complete i t s  l i f e - c y c l e j  i t  i s  encouraged  
by f i l t h ,  and as w ith  f l i e s  in  g e n er a l ,  so i t s  prevalence  
i s  an index o f  th e  degree of c l e a n l in e s s  of any a rea .  
Consequently, the removal o f  i t s  breeding p la c e s  w i l l  reduce 
a u to m a tica lly  the prevalence o f  other in s e c t  p e s t s . ”
Although th e  method o f  prop h ylax is  used in  the  
p resen t in v e s t ig a t io n  -  a t ta c k in g  the mature phlebotomus in  
human h a b ita t io n s  by w a ll-sp ra y in g  w ith  LLT - may require  
m o d if ica t io n  of the above s ta tem en ts , the underlying p r in c ip le s  
remain. For s u c c e s s fu l  e r a d ic a t io n  of san dfly  fev er  in  any
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area , the in s e c t s  must he attacked  in  t h e ir  "breeding grounds, 
as w e l l  as the female imagines en ter in g  rooms to  partake of  
the "blood meal e s s e n t i a l  f o r  the tran sm ission  o f  the d isea se  
and the  l i f e - c y c l e  of the f l y .
Whittingham and Rook (1923^) ca r r ied  out a 
s e r i e s  of experim ents a t  Calafrana Camp (Map 2) in  Malta 
to t e s t  the e f f i c i e n c y  of var ious p rev en tiv e  measures.
Their f in d in g s ,  s ta te d  "briefly, w ere:-
I . WAR OH THE IHSBCT IS ITS VARIOUS STAGES.
(a) A b o lit io n  o f  "breeding grounds by e x te n s iv e  
r e p a ir s  of  crack s , and rendering su rfa ces  im pervious.
This gave very good r e s u l t s ,  and in  the tr e a te d  area  
phlebotomus counts in  huts f e l l  by h a l f .
(b) (1) S w atting .
Wet c lo th s  proved to  be the most e f f e c t i v e  
sw a tte r s ,  and ladders were used to reach the i n s e c t s  
in  the h igher p a r ts  o f  the rooms. A red u ctio n  in  
numbers of in s e c t s  was ach ieved , but the method was 
la b o r io u s .
( i i )  Spr a y in g .
Cresol as an emulsion was found to  be the  
b e s t  spray, and proved to  be a u s e fu l  weapon i f  c a r r ie d  
out every  two or three days.
( i i i )  Fumigation.
Formalin was s a t i s f a c t o r y ,  but expensive  
and laborious*
11 • PRffVFHTIQH OF BITIHG.
(a ) Removal of  h id ing  p la c e s  in  s le e p in g  quarters
by red u ctio n  o f  fu r n itu r e  and impedimenta kept by men in
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t h e i r  h u t s  reduced  phlebotomus co u n ts  to  some e x t e n t .
(b) Nets  w i th  45 meshes to  the  in c h  were t r i e d ,  
and i t  was conc luded  t h a t ,  f,There was no doubt  t h a t  n e t s ,  
which were p r o p e r l y  used and k ep t  i n  r e p a i r ,  gave more 
p r o t e c t i o n  th a n  any o th e r  p r e v e n t a t i v e . M
(c) R e p e l l e n t s  o f  which a number were t r i e d ,  bu t  
t h e i r  v a lu e  was d i f f i c u l t  to a s s e s s .  The o p in io n  
formed was t h a t  p a r a f f i n  and camphor were the  most 
e f f i c a c i o u s .
(d) A ir  C u r re n ts  n a t u r a l  and a r t i f i c i a l ,  were shown
to  have a c o n s id e r a b l e  e f f e c t  i n  red u c in g  th e  numbers of  
ph lebo tom i i n  rooms. Owing t o  t h e  g r e a t e r  a i r  c u r r e n t s ,  
s l e e p in g  q u a r t e r s  i n  u p s t a i r s  rooms were found  to  be l e s s  
i n f e s t e d  by the  f l i e s  th a n  rooms a t  ground l e v e l .  In
th e  h u t s  i t . w a s  shown t h a t  t h e  m a j o r i t y  of  f l i e s  was always 
found in  the  most ' s e c lu d e d  c o r n e r s ,  depending on th e  
d i r e c t i o n  o f  the  wind.
A r t i f i c a l  a i r  c u r r e n t s  caused  by s m a l l  p r o p e l l e r  
f an s  i n  th e  c o rn e r s  of  the  rooms caused  a c o n s id e r a b le  
r e d u c t i o n  i n  th e  f l i e s  i n  th e  h ig h e r  l e v e l s ,  and l a r g e  
punkah f a n s  gave good r e s u l t s  i n  the  lower p a r t s  o f  rooms.
Whitt ingham and  Rook s t a t e  “From a  c o n s i d e r a t i o n  
of  th e  above ex p e r im en ts  (Pans) and of  the  e f f e c t  o f  n a t u r a l  
winds on p h le b o to m i ,  i t  i s  e v id e n t  t h a t ,  i f  p r o p e r l y  used ,  
e l e c t r i c  f a n s  a f f o r d e d  an e x c e l l e n t  means o f  p r o t e c t i o n  from 
th e  b i t e s  o f  th e s e  f l i e s . 1
They gave the  fo l lo w in g  summary of recommendations 
f o r  a campaign f o r  th e  p r e v e n t io n  o f  s a n d f ly  f e v e r .
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SUMMARY OF KECOj&MDATIOffS.
MTo a t ta in  the "best r e s u l t s  concomitant w ith  the 
minimum expenditure of  labour and money, the p rop h y lac tic  
measures d e ta i le d  above ( in  th e ir  paper - Whittingham and 
Rook I9231 ) must he c a r e f u l ly  planned and su p erv ised .
For the purpose of a d m in is tra t io n , these  measures come under 
two headings
1 . General (to  he ca rr ied  out hy the community as  a
w hole) .
2. P ersonal (to  he ca rr ie d  out hy the in d iv id u a l ) .
1 . General measures are to  he p re ferred  as they are
more f u l l y  under c o n tr o l .  A l l  areas should he in sp ected  at  
the end o f  the ra iny  season each year; t h i s  i s ,  in  the case o f  
M alta, e a r ly  in  May. During the in s p e c t io n ,  s p e c ia l  a t t e n t io n  
should he paid  to the f o l lo w in g l -
(1) The ground su r fa ce , as regards l e v e l l i n g ,  
im perm eability  and drainage.
(2) B u ild in g s  for  cracks and h o le s  and in  the  
w a lls ;  i l l  f i t t i n g  frames o f  windows, doors or v e n t i la t o r s ;  
eaves g u t te r s ;  h o le s  in  any f ly -p r o o f  screen s f i t t e d .
(3 ) Walls and embankments, as regards n ecessary  
fa c in g ,  p o in t in g  or ta r r in g .
A ll  the n ecessary  r e p a ir s ,  ta r r in g ,  p a in t in g  and 
lime-washing must he ca r r ie d  out immediately before the warm weather 
s e t s  in .  Bach year the in t e r io r  o f  a l l  rooms should he washed 
down and pa in ted  or lim e-washed, the lower three f e e t  o f  the w a lls  
of a l l  b u ild in g s  ta rre d , and the ground su rface sprayed w ith  
tar fo r  a d is tan ce  o f  twenty f e e t  beyond the l i v i n g
quarters# This l a s t  measure would not "be required  in  a
p lace  where the ground surface around the "building i s  
covered w ith  c o n cr e te .
2. The in d iv id u a l should see d a i ly I -
(1) That the  phlehotomi in  the  corners of  
th e ir  rooms are sw atted, or sprayed w ith  a 1 per c e n t ,  
so lu t io n  o f  c r e s o l .
(2) That a l l  rooms are thoroughly c lea n sed ,
e s p e c ia l l y  the  corn ers .
(3) That a l l  cobwebs are removed.
(4) That v e n t i la t o r s  are kept fr e e  from d i r t ,
and are smeared with p a r a f f in .
(5 ) That a l l  g u l le y  traps are kept c l e a r .
(6 ) That the ground a t  the ju n c t io n  o f  w a l ls
o f  b u ild in g s  i s  fr e e  from organic d eb r is  and d u st .
(7) That a l l  r e fu se  i s  p roperly  d isposed  o f .  
fu r th er  p erson a l measures a r e t -
( i )  To wear s la ck s  a f t e r  sundown.
( i i )  Hot to  bathe a f t e r  dusk.
( i i i )  Hot to  leave rubbish around or s p i l l  
water on the ground.
( iv )  To use san d fly  proof n e ts  45 meshes to  
the square inch  around th e ir  beds.
(v) To use r e p e l l e n t s  such as camphor in  th e ir
beds.
Hatural a ir  cu rren ts  must be f u l l y  u t i l i s e d ,  
and a l i b e r a l  supply o f  e l e c t r i c  fans or punkahs p rov id ed . 1
D iscu ss ion  of Whittingham and Rook! s Recommendations.
1. General. E xtensive  'building and r e p a ir  work req u ires
labour and m a te r ia ls ,  and w h i ls t  i t  i s  j u s t i f i e d  in  the case o f
a permanent e s ta b lish m en t, can hardly be considered  fo r  temporary 
war-time p rem ises . In Malta in  194*5> n e ith e r  the labour nor 
the m a te r ia ls  were a v a i la b le .
2 . P erson a l. Spraying  and c le a n in g ;, to be done
fr e q u e n t ly ,  require labour which i s  not r e a d i ly  a v a i la b le  
fo r  such ta sk s  in  w ar-tim e. The work invo lved  in  spraying
with the in s e c t i c id e  sprays used p r io r  to  the in tr o d u ct io n  o f  
DDT i s  w e l l  i l l u s t r a t e d  by the fo l lo w in g  quotation  from Manson- 
Bahr ( 1945)* "Plytox and P l i t  are the b est  sprays fo r  
d estroy in g  ad u lt  s a n d f l i e s .  S p ec ia l s t a f f s  are n ecessary
fo r  the d a i ly  d e s tru c t io n  o f  these  in s e c t s  in  d w e ll in g s .
S p ec ia l  apparatus i s  used and a f lu s h  of f l u i d  i s  d ir e c te d  
a g a in st  the s a n d f l ie s  s i t t i n g  on the w a l ls  or in  corn ers .
In h o s p i ta l  in  an endemic area every ward and annexe, in c lu d in g  
l a t r i n e s ,  should be tr ea ted  w ith  P l i t  three tim es a d a y .M
N ets . The san dfly  n et p rov id es  good p r o te c t io n ,  and, 
i f  properly  used and cared f o r ,  i s  very  e f f i c i e n t .  However, 
n e ts  of such a f in e  mesh prevent c i r c u la t io n  of a i r .  In 
M alta, I found th a t  on humid, s t i l l  summer n ig h t s ,  s le ep in g  
in  a san d fly  net was very uncom fortable. In th e  summer heat  
of India  i t  has been s ta te d  (Manson-Bahr, I 9 4 5 ) th a t  such f in e  
mesh n e ts  may be found in t o le r a b le .
A specimen of sa n d fly  net (net c o t to n  45 /46  
meshes to the square inch) and one o f  ordinary mosquito n e t t in g
96
(28/29 h o le s  to the square inch) fo r  comparison, are shown 
in  f igu re  6 .
Air Currents.
Y/hittingham and Rook proved the value of  a ir  
c u rr en ts ,  and s in c e  1923, fans have been used e x te n s iv e ly  
to prevent b i t in g  by s a n d f l i e s .  Por fa n s ,  e l e c t r i c  power 
i s  requ ired , and f i t t i n g  of large punkah fans req u ires  time 
and labour. Again, the use o f  fa n s ,  w h i ls t  s tro n g ly  
ad v isab le  in  a permanent e s ta b lish m en t, i s  d i f f i c u l t  to  
manage in  an over-crowded temporary war-time one. In 194-5, 
due to  the shortage o f  e l e c t r i c a l  equipment, new fa n s  o f  any 
type were not a v a i la b le .
Since I 923 l i t t l e  has been added to  the  
p rev en tiv e  n easu res . McArthur (194-2) s t a t e d l-
MUnder a c t iv e  se r v ic e  c o n d it io n s  i t  i s  
r a r e ly  f e a s ib le  to  make use of f ine-m esh  muslin as  
a measure of p r o te c t io n ,  to trap the adu lt  f l i e s ,  or 
to  d e a l  w ith  breeding p la c e s .  Spraying o f  t e n t s ,  
rooms, d ug-outs , e t c . ,  may be f e a s i b l e ,  and i s  l i k e l y  
to be o f  v a lu e .  Tobacco smoke i s  u s e f u l .  A l l  th a t  
can be done i s  to employ r e p e l l e n t s . ’1
He a lso  suggested  the use of  hurricane lamps 
smeared w ith  v a s e l in e  or ta n g le fo o t  as trap s fo r  s a n d f l i e s .  
But Young, Richmond and Brendish (1926) proved th a t  l i g h t  
traps of  t h i s  type caught few phlebotomi and were not l i k e l y
to be of  much u se .
Rogers and Megaw (1939) have p o in ted  out that
a l l  s a n d f ly  f e v e r  p a t i e n t s  should  be nursed under n e ts  for
9 7
F i g u r e  6 .
Specimens of Mosquito and Sandfly Netting.
Sandfly Netting. 
(4o/46 meshes to the inch)
Mosquito Netting. 
( 2 8 / 2 9 meshes to the inch)
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the f i r s t  24 hours at l e a s t ,  a s  h o s p i ta ls  may become hotbeds  
o f  in f e c t io n .
Smith and h is  c o l le a g u e s  (193&) showed that  
Benzene P o ly c h lo r in e s ,  w idely  used in  a g r ic u ltu r e  for  the 
d estru c t io n  o f  p e s t s ,  were u se fu l  fo r  the  d e s tr u c t io n  o f  
san dfly  larvae when a p p lied  in  l iq u id  form in  a s tren gth  
o f  75 c . c .  to every square metre o f  s o i l*
R ep ellen ts*
In the p a s t ,  a number of su bstan ces , such as  
camphor, p a r a f f in ,  o i l  of c i t r o n e l la  and m ixtures o f  other  
e s s e n t i a l  o i l s ,  have been considered  to be e f f i c a c io u s  as  
r e p e l le n t s  of phlebotomus f l i e s .  The m u l t i p l i c i t y  o f  
substances recommended as r e p e l le n t s  tends to su g g est  th a t  
none were very s a t i s f a c t o r y .
R ecen tly , a new substan ce , dimethyl p h th a la te ,  
has been used. I t  i s  a c le a r  l iq u id ,  c o lo u r le s s ,  o d o u r less ,  
and has no i r r i t a t i n g  e f f e c t  on the sk in . However, i f  the  
l iq u id  g e ts  on to  the l i p s  or i s  rubbed in to  the e y e s ,  i t  i s  
i r r i t a t i n g  and can cause con sid erab le  p a in . Two ca ses  o f  
m ild c o n j u n c t iv i t i s  have been seen  from rubbing the eyes w ith  
f in g e r s  smeared w ith  dimethyl p h th a la te ,  or D.M.P., as i t  i s  
commonly c a l l e d .  This r e p e l le n t  was is su e d  to  th e  S erv ices  
fo r  use as a mosquito r e p e l le n t  in  th e  a n t i-m a la r ia  campaign 
in  the P a c i f i c ,  but a l im ite d  amount became a v a i la b le  in  the  
Mediterranean in  1945*
Dimethyl P hth a la te  (B .M .P.) .
P h i l ip ,  P au l, and Sabin (1944) succeeded in  
ob ta in in g  d ir e c t  ev idence of the e f f i c a c y  o f  D.M.P• in  the
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p revention  o f  sandfly  f e v e r .
In a "barracks con ta in ing  some 170 American 
s o ld ie r s  on th e  o u t s k ir t s  of Cairo, the use of t h i s  r e p e l le n t  
was the s o le  p rev e n ta t iv e  measure employed during an epidemic  
p eriod  la s t in g  f iv e  weeks.
B o t t le s  o f  D .H .P ., and d i s t i l l e d  w ater, w ith  or 
without a few drops of m ethylth ion ine ch lo r id e  added, were 
supp lied  to men occupying a lte r n a te  "beds. Pive cubic  
cen tim etres  of r e p e l le n t  were used per man per day: t h i s  
amount was ap p lied  in  a th in  f i lm  ju s t  before r e t i r i n g ,  on 
the forehead , f a c e ,  arms, hands, and other su rfaces  l i k e l y  
to  be exposed during s le e p .
The r e s u l t s  w ere, A-z per c e n t ,  o f  those using  
the r e p e l le n t  reported  r e l i e f  from b i t e s ;  o f  those using  
the co n tr o l  s o lu t io n  12 per c e n t ,  reported r e l i e f .
Of the men who r ece iv ed  the R e p e lle n t ,  2 
acquired san dfly  f e v e r ,  but both admitted that they had 
f a i l e d  to apply the r e p e l le n t  f o r  s e v e r a l  c o n se cu tiv e  n ig h ts  
p r io r  to co n tra c t in g  th e  d i s e a s e .  Of those r e c e iv in g  the  
c o n tro l  s o lu t io n ,  12 developed sandfly  f e v e r .
The same workers (Sabin e t  a l .  1944^) a ls o  
reported  favourably on a pyre thrum van ish ing  cream used as  
a r e p e l l e n t .  Pyrethrum has a r e p e l le n t  as w e ll  as a to x ic
e f f e c t  on in s e c t s  (Martindale 1936)-
Experiments w ith  Dimethyl P h th a la te .
A. A simple experiment to observe the e f f e c t  o f
D .ll.P . on phlebotomus was ca r r ied  o u t .  Six s a n d f l ie s  were 
caught and put in to  a t e s t  tube, which was c lo s e d  a t  th e  neck
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by a co tton  wool p lu g .,  The t e s t  tube was l e f t  ly in g  
h o r iz o n ta l  on the bench. At the end o f  h a l f  an hour, 
f iv e  of  the in s e c t s  in  th e ir  e f f o r t s  to escape had 
c o l le c t e d  in  the co tto n  wool.
The experiment was repeated  w ith  s ix  phlebotom i, 
using a co tto n  wool plug to which three drops of D.M.P. had 
been added. Por the f i r s t  few minutes the in s e c t s  became 
very a c t iv e ,  but remained at the bottom o f  the tube as fa r  
away from the p lug as p o s s ib le .  At the end o f  an hour, one 
phlebotomus was found on the cotton  wool p lu g , and three  
moving about more f r e e ly  in  the  tube, and the remaining two 
were dead.
B. The r e p e l le n t  was is su e d  to  the H.M. Dockyard 
P o l ic e  (B r i t i s h )  on n igh t duty at the R.N. H o sp ita l ,  as part 
o f  a genera l p reven tive  measure to is su e  the r e p e l le n t  to  
a l l  personnel on duty out o f  doors at n ig h t .  These men, 
who had spent se v er a l  summers in  Malta, and on n ight duty, 
were e n th u s ia s t ic  about the r e p e l l e n t .  A c o n tr o l le d  
experiment was not p o s s ib l e .
C. During August, 1945, H.M.S. AURORA was in  the 
dry dock in  H.M. Dockyard. The surroundings o f  t h i s  dock 
had been badly bdmbed and the area was h e a v ily  in f e s t e d  w ith  
s a n d f l i e s .  The weather was very hot and humid (Graph 2 ) .  
Owing to  the lack  of e l e c t r i c  power, the v e n t i la t io n  system  
of the ship was not working. S leep was im possib le  below  
decks, so the men brought t h e ir  bedding to  the upper decks 
and s le p t  th e r e .  They were very badly b i t t e n  and ca ses
o f  phlebotomus fev er  s ta r te d  to  appear. The is s u e  of
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dimethyl p h tha la te  brought r e l i e f  from b i t in g  to most of  
the men. At f i r s t ,  se v era l  men reported  no improvement, 
and i t  was found th a t  they were not applying s u f f i c i e n t  
r e p e l l e n t .  The r e p e l le n t  must be app lied  l i b e r a l l y  
(3 - 5  c . c . )  to  be e f f e c t i v e .
The number o f  cases  o f  phlebotomus fev er  a lso  
was g r e a t ly  reduced, but t h i s  cannot be a t tr ib u te d  to  the  
D.M.P. Owing to  the u n sa t is fa c to r y  c o n d it io n s ,  arrangements 
were made to  send co n tin g en ts  o f  the men on leave  to  M essina, 
and to b i l l e t  o thers ashore in  Malta. As a r e s u l t ,  a much 
sm aller number of men s le p t  on the s h ip ’ s decks at  n ig h t ,  so 
fewer men were a t  r i s k  a f t e r  the is su e  o f  the D.M.P. than 
form erly .
D. Two o f f i c e r s  s le p t  on a verandah a t  the R.N.
H osp ita l throughout the summer months, w ithout the p r o te c t io n  
o f  san dfly  n e t s .  The verandah w a l l s  were sprayed w ith  
5 per cent DDT (vide i n f r a ) ,  and both app lied  D.M.P. on th e ir  
f a c e s ,  necks and arms n ig h t ly  before going to bed. One 
o f f i c e r  r e ce iv ed  no b i t e s ,  w h i ls t  the other was b i t t e n  once.
W hilst these  experim ents are in c o n c lu s iv e ,  th ey  
tend to  support the view th a t D.M.P. i s  an e f f e c t i v e  r e p e l le n t  
fo r  Phlebotomus p a p a t a s i i .
The p reven tion  of outbreaks o f  san d fly  fe v e r  i s  
d i f f i c u l t ,  even in  p eacetim e, but war co n d it io n s  g r e a t ly  add 
to th e  problem. In th e  p a s t ,  in  s p i t e  of  p a in stak in g  
p reven tive  m easures, the c o n tro l  o f  phlebotomus fev er  has not 
been e n t i r e ly  s a t i s f a c t o r y .
The reported  outbreaks in  the Second Y/orld War
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had shown that the d isea se  could s t i l l  he a formidable  
nuisance in  m il i ta r y  o p era t io n s . In 194*5* co n d it io n s  in  
Malta were favourable to t e s t  whether the new sy n th e t ic  
in s e c t i c id e  DDT, which had been used s u c c e s s f u l ly  in  the 
c o n tro l  o f  other in s e c t  borne d i s e a s e s ,  could  co n tr o l  an 
epidemic o f  phlebotomus fe v e r .
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B B T .  And
S e c t io n  2 .
I t s  Use A g a in s t  Phlebotom us p a p a t a s i i .
104
D P T .
BUT i s  a new in s e c t i c id e  which has been developed  
during the l a t t e r  part of the recent warj i t  has re ce iv ed  a 
great d e a l 'o f  p u b l i c i t y ,  and i s  now being e x te n s iv e ly  used.
I t  i s  a powerful in s e c t i c id e  which k i l l s  a wide range o f  
i n s e c t s ,  and by i t s  unusual property o f  prolonged r e s id u a l  
i n s e c t i c i d a l  a c t io n  has opened up new methods in  combating 
d is e a s e .
HISTORY.
DDT was f i r s t  sy n th e t iz ed  by a German chemist  
Z eild er  in  1874 by the a c t io n  of chlorobenzene on c h lo r a l  in  
the  presence o f  concentrated  su lphuric a c id ,  a r e a c t io n  which 
i s  the b a s is  o f  presen t day manufacture, (M inistry o f  Supply, 
1946). The Swiss firm  J. R. Geigy, A.G., o f  B a s le ,  
in v e s t ig a te d  the substance , and i t  was found to  have d i s t in c t  
i n s e c t i c i d a l  p r o p e r t ie s .  As the firm  was in  search o f  a 
moth proofing  agent v/hich could be d is so lv e d  in  dyes for  
a p p lic a t io n  to  t e x t i l e s  during th e  dyeing p r o c e s s ,  the poor 
s o l u b i l i t y  o f  DDT f a i l e d  to  make i t  su ita b le  for t h i s  purpose. 
However, DDT was to some ex ten t  used as an anti-m oth  powder 
on the co n tin en t  underthe trade name o f  G esarol.
In 1936 -  3 7> i t  was d iscovered  by ch em ists  o f  
the same firm that DDT k i l l e d  bugs, and i t  was a lso  used 
s u c c e s s f u l ly  in  1940 to check a plague of potato  b e e t le s  in  
S w itzerland .
In 1942, the B r i t i s h  Government was look ing for  
a s u b s t i tu te  fo r  pyrethrum and d e r r is ,  the two n atu ra l  
i n s e c t i c i d e s  h ith e r to  used a g a in st  the in s e c t  v e c to r s  of  m alaria
105
and typhus, (B .M .J., 1944, and Buxton, 1945)* The su p p lie s  
of these  i n s e c t i c id e s  had heen g re a t ly  reduced hy th e  entry  o f  
Japan in to  the war. Buxton (1945) s ta te d  that the occupation  
of Malaya deprived the A l l i e s  o f  h a l f  the pyrethrum su p p lie s  
and n early  a l l  the d e r r is j  to make m atters worse, the I 942 
pyrethrum crop in  Kenya was a poor one. 3)1)T was produced 
as an a l t e r n a t iv e ,  and c o l la b o r a t io n  between the  United Kingdom, 
Dominions and United S ta te s  r e s u lte d  in  the  production of DDT 
to meet the pyrethrum d e f i c i t ,  and in  the  development of the  
many a sp e c ts  o f  i t s  u se . But DDT proved to  be more than a 
s u b s t i t u t e ,  in  some r e s p e c t s  i t  was superior to pyrethrum and 
d e r r i s .  The Lancet (1945) s ta te d ,  " I ts  c h ie f  v ir tu e s  
(apart from t o x i c i t y  to  in s e c t s )  are chemical s t a b i l i t y  and 
p h y s ic a l  in e r t ia  -  in  a word, i t s  permanence. This c o n tr a s ts  
with pyrethrum, which lo s e s  i t s  i n s e c t i c i d a l  power rather  
e a s i l y  in  s u n l ig h t ,  e s p e c ia l l y  when d isp ersed  in to  sm all drops 
or th in  f i lm s .  On the other hand, D33T has one disadvantage  
in  i t s  slow speed of k i l l  as compared w ith  th e  rapid  "knock­
down* o f  pyrethrum."
GENERAL PROPERTIES.
DDT i s  d ic h lo r o -d ip h e n y l- tr ic h lo r o e th a n e ,  or more 
c o r r e c t ly  1 . 1 b i s  (p -  chlorophenyl) -  2 . 2. 2 t r ic h lo r o e th a n e , 
with a s tr u c tu r a l  formula of
H
G ClCl
C . C 1 . 3
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Pure DDT i s  a white c r y s t a l l in e  substance w ith  
a m olecular weight o f  354*5 d en s ity  of 1*6 gm per m l . ,  and 
a m eltin g  po in t of  108° C entigrade. I t  i s  only s l i g h t l y  
v o l a t i l e  and has a f a i n t l y  p lea sa n t  s m e l l .  I t  d i s s o lv e s  
in  most organic s o lv e n t s ,  though i t s  s o l u b i l i t y  in  water i s  
very low, l e s s  than 0*2 p a rts  per m i l l io n  (Buxton, 1945, 
and M inistry  o f  Supply, 1946) .
The pure substance i s  not used in  a c tu a l  p r a c t ic e ,  
but a commercial product, which is  now g e n e r a lly  known as 
DDT. This DDT has a p u r ity  of  60 to 70 per c e n t .  (Buxton, 
1945, and B r i t .  Med. J . ,  1945) ,  and i s  mixed with other  
su b stan ces , m ostly  isom ers, which are only s l i g h t l y  
i n s e c t i c i d a l .
I t  i s  l i a b le  to conta in  small q u a n t i t i e s  of 
the substances used in  i t s  manufacture, e . g .  monochlorobenzene 
and su lphuric  a c id .  Both are undesirab le  for  the former 
lead s to a DDT which tends to cake and the l a t t e r  to  corrosion  
o f  the co n ta in ers  and d isp e r s in g  machinery. These im p u r it ie s  
can be removed by e f f i c i e n t  washing and f i l t r a t i o n  (M inistry  
o f  Supply, 1946) .
The s p e c i f i c a t io n  for  DDT used by the B r i t i s h  
S erv ices  r eq u ir es  a s e t t in g  p o in t of  89° C . , co n ta in in g  not  
l e s s  than 70 per c e n t ,  pure DDT.
DDT i s  s ta b le  under most c o n d it io n s ,  being  
u n affec ted  by exposure to a ir ,  su n lig h t  and w ater . I t  i s  
almost in so lu b le  in  w ater, m oderately so lu b le  in  petroleum  
and v eg e ta b le  o i l s ,  depending upon the p u r ity  of the o i l s ?  
and r e a d i ly  so lu b le  in  many organic s o lv e n t s .  The s o l u b i l i t y
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v a r ie s  w ith the  temperature and th e  p u r ity  of the DDT.
In the p resen t work kerosene was used as  
the c h ie f  so lv e n t  fot DDT. Crude kerosene can d is s o lv e  
more DDT than r e f in e d  kerosene.
Table 11.
S o lu b i l i t y  o f  DDT in  Some Common S o lv e n ts .  
(Craufurd-Benson, 1945> and Buxton, 1945. )
1
Solvent
S o lu b i l i t y  
gms. DDT per 100 ml. 
at 27 -  30° C.
Kerosene, crude. Approx. 8
Kerosene, r e f in e d ,  o d o u r less . Approx. 4
Acetone. 50 -  55
Ether. 27 -  28
Ethyl A lcohol 95$ Approx. 1*5
Dimethyl P h th a la te . 31 -  33
-  ----------------  . . . .........................
SOLUTION Off D D T. IN KEROSENE.
The s tren gth  o f  DDT used in  the p resen t i n v e s t i ­
ga t ion  was mainly 5 per c e n t ,  in  crude k erosen e . During 
the l a t t e r  part of the epidemic period  t h i s  mixture was 
su pp lied  by th e  Naval Stores Officer already mixed, but at  
f i r s t ,  the DDT was su pp lied  in  s o l id  form and the mixing was 
done at the R.N. Hospital, Malta, by the Pharmacist.
DDT does not r e a d i ly  d is s o lv e  in  k erosene, and
the usual d ir e c t io n s  f o r  obta in in g  a so lu t io n  are , to mix 
f i n e l y  d iv id ed , s iev ed  DDT powder in to  a cream by adding 
small q u a n t i t ie s  o f  k erosene. Then, to add t h i s  cream 
in  sm all q u a n t i t ie s  to  the main bulk o f  kerosene, which 
must be kept in  motion by s t i r r in g  or shaking. The 
co n ta in ers  should then be exposed to the sun in  order to  
r a is e  the temperature o f  the o i l  and thereby in crea se  the  
s o l u b i l i t y .  To a llow  the DDT to  d i s s o lv e ,  a p eriod  of  
about 3 days should e la p se  before  using the s o lu t io n .
The fo llo w in g  rapid  method of ob ta in in g  the  
s o lu t io n  of DDT in  kerosene was promulgated by the A l l ie d  
Force H.Q,. o f  the Central Mediterranean Force, and proved  
to  be most u s e fu l .  The method i s  as f o l lo w s t -
Melt the co rre c t  w eight o f  DDT in  a t i n  or 
bucket, at low h ea t ,  over a small flame or hot p l a t e ,  and 
then pour the molten DDT in to  co ld  k erosene, s t i r r in g  the  
l a t t e r  a l l  the tim e. S o lu tion  i s  immediate ( e .g .  5 lh s .
DDT slow ly  m elted should be poured in to  10 g a l lo n s  o£kerosene  
and b r is k ly  shaken. This g iv e s  a 5 per c e n t ,  m ix tu re ) .
Care must be taken to m elt the DDT over a sm all  
flame as the compound i s  v o l a t i l e  a t  high tem peratures.
INSECTICIDAL PROPERTIES.
The mode of a c t io n  o f  i n s e c t i c i d e s  i s  s t i l l  
im p erfec tly  understood. DDT i s  known to  act as a poison  
when in g es ted  by i n s e c t s .  I t  i s  absorbed from the trachea  
in  the case o f  mosquito la r v a e .
I t  i s  a lso  known that DDT a c ts  on the nervous 
system, causing p a r a ly s i s  o f  the in s e c t* s  le g s  and v/ings,
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in co o rd in a tio n  of movement, tw itc h in g s ,  con vu ls ion s  and 
f i n a l l y  death . The mode of entry  of the in s e c t i c id e  i s  
"believed to "be through the sensory organs in  the t a r s i  in  
some c a s e s ,  and in  o th ers "by cutaneous ab sorp tion . West 
and Campbell ( 1946) g iv in g  an account of the research es  
c a r r ie d  out in  the Basle la b o r a to r ie s  of  the Geigy Company, 
p o in t  out that the e p i c u t i c l e ,  or outermost layer  of c u t i c l e  
in  in s e c t s  c o n s i s t s  o f  l ip o id s  which keep the in s e c t  to  some 
e x ten t  w aterproof. They propound the current theory that  
DDT (and other con tact  in s e c t i c id e s  l ik e  pyrethrum and d e r r is )  
d is s o lv e  in  the l ip o id s  o f  the e p ic u t i c l e  and then exert  a 
to x ic  a c t io n  f i r s t l y  on the sensory nerve endings in  the  
e p ic u t i c l e  and la t e r  on the c e n tr a l  nervous system of the 
i n s e c t •
Busvine ( 1945)* as a r e s u l t  o f  in v e s t ig a t io n s  
on l i c e  and bugs, has been unable to  f in d  any evidence to  
support t h i s  h y p o th es is  of l ip o id  s o l u b i l i t y  of  the to x ic  
fa c to r  o f  DDT.
Yeager and Munson (1945)> who have in v e s t ig a te d  
the s i t e  of a c t io n  o f  DDT in  cockroaches, have suggested  that  
the in s e c t i c id e  can a f f e c t  motor nerves more r e a d i ly  than 
sensory ones, and th a t  the s i t e  o f  a c t io n  would appear to  be 
somewhere along the  len g th  of the nerves and not a t  the o r ig in  
of the nerves or at the nerve end ings. Further, that DDT 
can cause tremors by e x c i t in g  im pulses in  the motor n erv es .
At p r e s e n t ,  w ith the im perfect s ta te  of our 
knowledge, no s a t i s f a c t o r y  theory of the mode and s i t e  of  
a ction  of DDT has yet been formulated.
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The important p o in t i s  th a t  DDT i s  both a 
stomach and a con tact  p o iso n . In the  l a t t e r  in s ta n c e ,  
i t  a c t s  on the nervous system.
The i n s e c t i c i d a l  a c t io n  i s  slow and takes  
from h a l f  an hour to  four hours to  k i l l  f l i e s ,  s ix  to  
e ig h t  hours to k i l l  l i c e ,  and much longer fo r  bedbugs 
and cockroaches,
Owing to  the slow a c t io n  of DDT. in s e c t i c id e  
sprays are o fte n  made up o f  a rapid a c t in g  p o iso n , such as  
pyrethrum and DDT. The pyrethrum g iv e s  ,a rapid  ’knock-down* 
e f f e c t ,  and the  slow a c t in g  DDT en sures death , thus saving  
pyrethrum. The B r i t i s h  S erv ice  Anti-Mosquito Spray (0*5 
per c e n t .  DDT and 0*03 per c e n t ,  p y reth r in s  in  kerosene)  
used as a f l i t  was, in  my exp er ien ce , e f f e c t i v e  for  c le a r in g  
a room o f  winged in s e c t s .  I t  had no apparent r e s id u a l  
a c t io n .
Experiment has shown th a t  when a tta ck in g  in s e c t s  
w ith  DDT, an a c t iv e ly  f ly in g  in s e c t  more ra p id ly  p ick s  up a 
to x ic  dose than a q u ie scen t  one. A small q u an tity  of  
pyrethrum i s  s u f f i c i e n t  to  a c t iv a te  an in s e c t  and consequently  
lead s to an e f f e c t i v e  k i l l .  T h erefore , even when the  
ultim ate k i l l  i s  the c h ie f  concern, and DDT i s  used as the  
main a g en t ,  the a d d it io n  of a small amount of  pyrethrum has 
advantages (M inistry o f  Supply, 1946) .
DDT i s  not a r e p e l le n t  to  i n s e c t s ,  and i t  i s  not 
o v ic id a l .  In g e n e r a l ,  i t  does not a t ta c k  pupae, though  
freq u en tly  the ad u lt  may p ick  up a l e t h a l  dose during emergence. 
In some c a s e s ,  e . g .  the m osquito, i t  a t ta c k s  the la r v a l  s ta g e .
I l l
ACTION OF D D T .  ON P. FAPATASII.
The fo llo w in g  experim ents were made to a sc e r ta in  
the a c t io n  of DDT on P. p a p a t a s i i .  The in s e c t s  were caught 
in  the wards and b a lc o n ie s  o f R.N. H o sp ita l ,  M alta, by 
searching f o r  them on the w a l l s ,  then p la c in g  a wide diameter 
t e s t  tube over the f l y .  A v i s i t i n g  card was then s l ip p ed  
between the w a ll and the  t e s t  tube; the in s e c t  removed and 
g en t ly  shaken down the tu b e. The mouth of the tube was 
c lo se d  with a rubber stopp er . I t  was found that i f  co tton  
wool p lugs were used, the s a n d f l ie s  freq u en tly  got entangled  
in  the co tto n  wool and d ied . With a l i t t l e  p r a c t ic e  i t  
became f a i r l y  easy to  ca tch  phlebotomi in  t h i s  way during  
May and June, 1945 ( i* e .  before e x te n s iv e  spraying w ith  5 
per c e n t .  DDT.)
Experiment I S-
A g la s s  ja r  was sprayed w ith  5 per c e n t .  DDT 
in  kerosene and allowed to  stand in  th e  a ir  fo r  3 days.
Three phlebotomi were put in  the ja r  and th e  mouth of the  
jar  was c lo se d  w ith  a sprayed g la s s  cover . Within three  
m inutes the three in s e c t s  were ly in g  a t  the bottom of the  
j a r ,  and a f t e r  ten  minutes when th e  cover was removed, the  
phlebotomi were found to  be dying -  o cca s io n a l tw itc h in g s  
were observed up to h a l f  an hour.
To make ob servation  e a s ie r ,  the ja r  was g en t ly  
dusted out so t h a t  the white c r y s t a l l in e  d e p o s it  o f  DDT on 
i t  could no longer be seen . Ten s a n d f l i e s  were put in to  
the jar  and th e  l i d  f ix e d  in  p o s i t io n .  At f i r s t ,  the f l i e s  
made e f f o r t s  to  escap e, craw ling up the side  o f  the jar  a.nd
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over the l i d .  At the end of ten  m inutes, a l l  the f l i e s  
were a t  th e  bottom of the j a r ,  and by h a l f  an hour they  
were dead# At th e  same tim e, a s  a c o n tr o l ,  s ix  f l i e s  
in  a c lean  untreated  jar  were kept o vern igh t, and in  the 
morning only two phlebotomi were found to have d ied .
The experiment was repeated  w ith  a fu r th er  
e ig h t  phlebotom i, a f t e r  the in s id e  of  the ja r ,  which had 
been sprayed with 5 Per c e n t .  DDT, had been wiped fo r  a 
second t im e , w ith  a c lean  dry d u ster .
At f i r s t ,  the in s e c t s  crawled up the s id e s  
o f  the ja r  and made e f f o r t s  to escap e . By the end o f  
h a l f  an hour the f l i e s  were a l l  a t  the bottom of th e  ja r ,  
and were showing s ig n s  of incoordinated  movements. A fter  
two hours a l l  the phlebotomi were dead.
These r e s u l t s  are s u b s ta n t ia l ly  in  agreement 
w ith  the  f in d in g s  o f  H ertig  and F isher (194-5) > ca r r ied  
out laboratory  t e s t s  in  I t a l y .  They showed that con tact  
w ith  DDT caused a ’knockdow n1 o f  P. p e r n ic io su s  and P. p a rr o t i  
in  6 to 15 m inutes, w hile  P. p a p a ta s i i  requ ired  15 to 40 
m inutes.
Experiment 2 s-
A sa n d fly  was p laced  in  a c lean  g la s s  j a r ,
(Figure 7 ) and the mouth of the ja r  covered w ith  a p ie c e  o f  
mosquito n e t t in g  which had been soaked in  5 P©** c e n t .  DDT 
in  kerosene and thoroughly d r ie d .  The ja r  w ith  th e  mosquito 
n e t t in g  held  f irm ly  in  p o s i t io n  by an e l a s t i c  band was then  
placed  underneath a b e l l  j a r .  The fa te  of the in s e c t  was
11 3
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Apparatus for testing the effectiveness of 
mosquito-netting impregnated with DDT as a 
phlebotomus barrier.
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observed.
This experiment was ca rr ied  out f i f t e e n  t im es ,  
w ith  th e  fo llo w in g  r e s u l t s J -
(a) 2 phlebotomi made no attempt to  escap e , and
died  at the bottom of the j a r .
(b) 6 phlebotomi crawled over the mosquito n e t t in g ,
but f a i l e d  to  p en etra te  i t .  At the end o f  one hour four
o f  the  f l i e s  were dead, adhering to  the n e t t in g .  The 
other two were found ly in g  dead a t  the bottom of the ja r  
a f t e r  four hours.
(c)  6 phlebotomi managed to p en etra te  the n e t t in g ,
and a f t e r  one hour 3 were found on the n e t t in g ,  two o f  
which were s t i l l  tw itc h in g . Three of the remaining
in s e c t s  were found on the paper p laced  beneath the ja r  on 
the bench; two were dead but one was s t i l l  tw itc h in g .
(d) 1 phlebotomuswhich was observed on the mosquito
n e t t in g  was not seen a g a in .
Experiment 3 .
W hilst th e  above experim ents were being ca rr ied  
ou t, a shortage o f  san dfly  n e ts  occurred a t  th e  R.U. H o sp ita l ,  
so ten p a t ie n t s  on one of the b a lc o n ie s  were supplied  w ith  
mosquito n e ts  which had been sprayed with 5 per c e n t .  DDT in  
k erosene. The nature of the in v e s t ig a t io n  was exp la ined  
to the men, and they were asked to make a s p e c ia l  note i f  
they were b i t t e n  during th e  n igh t and rep o rt  i t  in  th e  morning. 
Ten p a t ie n t s  s le p t  under these  impregnated mosquito n e ts  from 
the 2nd June t i l l  the 4 th  J u ly , 1945* and only two men reported
i i 5
one in s e c t  "bite each, which may or may not have been due 
to phlebotom i. The balcony was sprayed with DDT on the  
4th  J u ly , and th e  experiment was abandoned. U nfortu nately ,  
no c o n tro l s e r ie s  was done w ith  men s le e p in g  in  unimpregnated 
mosquito n e t s .  The balcony was d e f i n i t e l y  in fe s t e d  w ith  
s a n d f l ie s  as many of the in s e c t s  fo r  th e  above experim ents  
were caught there I a lso  the n igh t s t a f f  in  the ad jo in in g  
ward were freq u en tly  b i t t e n .  The unimpregnated mosquito 
net i s  known to  be i n e f f e c t iv e  as p r o te c t io n  a g a in st  s a n d f l i e s .
C onclusions.
( i )  Phlebotomus p a p a ta s i i  i s  su s c e p t ib le  to th e  
to x ic  a c t io n  of DDT, and con tact  w ith  the in s e c t i c id e  f a i r l y  
ra p id ly  renders the in s e c t  incapable o f  b i t in g  and e v e n tu a lly  
k i l l s  i t .
( i i )  Mosquito n e ts  impregnated w ith  DDT form an 
e f f e c t i v e  p r o te c t iv e  b a r r ie r  a g a in st  phlebotomus f l i e s .
This w i l l  a llow  the replacement of the uncomfortable c lo s e  
mesh san d fly  net by an impregnated mosquito n e t ,  r e s u l t in g  
in  g rea ter  comfort during s le e p  in  hot phlebotomus in fe s t e d  • 
a re a s . In many of th ese  a re a s ,  as m alaria  i s  a lso  endemic, 
some net p r o te c t io n  w i l l  be required  in  a d d it io n  to  w all  
spraying w ith  DDT.
METHODS Off USB Off D D T .
In p r a c t ic e ,  und ilu ted  DDT i s  not used. The 
d ilu te d  in s e c t i c id e  i s  used in  a number o f  d i f f e r e n t  ways 
in  order to d e a l  most e f f i c i e n t l y  w ith  each p a r t ic u la r  in s e c t  
c o n tr o l  problem. The fo l lo w in g  p rep aration s are now in
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common use, Dusts, Emulsions, Suspensions, Solutions and 
Aerosols. DDT is also effective mixed with distemper 
or o il-bound  water p a in t  (Campbell & West, 1944).
A. Preparations.
(a) Dusts.
The DDT i s  mixed w ith  an in e r t  v e h ic l e ,  such  
as China Clay. The common dusts  in  use are the S erv ices  
A.Ij.63* Mark i i i ,  which c o n s i s t s  o f  5 Per c e n t .  DDT in  95 
per c e n t .  China Clay, and A .L .6 3 , Mark i v ,  which i s  10 per
c e n t .  DDT in  90 per c e n t .  China Clay.
These dusts  are mainly used a g a in s t  l i c e ,  and 
rep orts  are now a v a ila b le  o f  th e ir  e f f i c i e n c y  in  th e  c o n tro l  
o f  typhus outbreaks, e s p e c ia l l y  in  the epidemic at Naples in  
I 943 -  44 , and in  th e  con cen tra tion  camps in  Germany in  1945* 
(Craufurd-Benson 1946, Chalke, 1946).
The dust i s  u su a l ly  a p p lied  by means of hand or 
power operated dust guns, and by t h i s  means d e - lo u s in g  o f
f u l l y  c lo th ed  in d iv id u a ls  can be ca rr ied  ou t.
The dusts  may a lso  be used as la r v ic id e s  in  
mosquito c o n tr o l .
(^) B a u ls io n s .
These have the  advantage of not req u ir in g  large  
q u a n t i t ie s  o f  s o lv e n t s .  The DDT i s  d is s o lv e d  in  an organic  
so lv e n t ,  then mixed with an e m u ls i f ie r  ( e .g .  s o f t  soap ).
The r e s u lta n t  DDT concentrate  can then  be d i lu te d  w ith  water 
to the required strength. Snulsions may be used as sprays 
similar to solutions. ©aulsions have not the same solvent
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a c t io n  on rubber as o i l  so lu t io n s  and, th e r e fo r e ,  do not 
cause hoses and washers to p e r ish .  However, they may 
cause corrosion  of the spraying apparatus, (M inistry of  
Supply, 1946) .
( c ) Suspensions.
Suspensions are made by using a w ettin g  agent 
such as sodium la u ry l  su lp h a te , or s o f t  soap. The DDT 
tends to s e t t l e  o u t,  and suspensions are mainly used in  
mosquito co n tro l for  la r v ic id in g .
(d) S o lu t io n s .
S o lu t io n s  of DDT are the most e f f e c t i v e  owing 
to  the b e t te r  d is t r ib u t io n  ob ta ined . These are prepared  
by d is s o lv in g  DDT in  a su ita b le  s o lv e n t .  Por work in  
the f i e l d ,  kerosene i s  the so lv e n t  most used.
Two s o lu t io n s  have been is su e d  fo r  use by the  
B r i t i s h  S erv ices  -
1. Anti-M osquito Spray, which c o n s i s t s  o f : -
DDT ................................................................. 0*5 per c e n t .
P yreth r in s  ............................................ .. 0*03 per c e n t .
Kerosene (+ Sesame O il 5 per cen t)  to 100 per ce n t .
2 . R esidual Spray, which c o n s i s t s  o f : -
DDT.............................     5 Per ce n t .
Kerosene (Crude) ...................................  95 per c e n t .
The Anti-M osquito spray, when d isp ersed  as a 
f in e  m ist produced by a ’f l i t - g u n ’ , qu ick ly  c le a r s  rooms or 
t e n t s  o f  winged i n s e c t s .  The p y reth r in s  cause an immediate 
’knock-down1 of the in s e c t s  and the DDT S i l l s  them in  due 
cou rse .
l l 8
The R esidual Spray i s  the so lu t io n  commonly 
used for w all sp ray in g , and was used in  the  presen t  
in v e s t ig a t io n  t o  c o n tr o l  phlebotom i.
(e ) A eroso ls .
A concentrated  in s e c t i c id e  so lu t io n  d isp ersed  
by f in e  a tom isation  i s  the  most e f f e c t i v e  method o f  using  
a spray a g a in st  adult i n s e c t s .
DDT d is so lv e d  in  a mixture of n o n -v o la t i le  
so lv en t  and lo w -b o il in g  so lv en t  i s  allowed to escape in to  
the atmosphere under the p ressure of the lo w -b o il in g  s o lv e n t .  
The la t t e r  evaporates in s ta n ta n e o u s ly ,  le a v in g  a very f in e  
m ist of  the n o n -v o la t i le  so lv en t  (M inistry  of Supply, 1946) .  
DDT has been used in  an American a e r o so l  bomb, and has been 
found to be e f f e c t i v e ,  both a ga in st  f l i e s  and m osquitoes,  
but the Preon used as the lo w -b o il in g  so lv e n t  was not 
s a t i s f a c t o r y  and allow ed c lo g g in g  of the n ozzle  w ith  DDT. 
However, by r e p la c in g  the Preon wholly or in  part w ith  
methyl ch lor id e  th is  d i f f i c u l t y  has been overcome (West 
and Campbell, 1946).
I had no opportunity  to t e s t  the DDT a ero so l  
bombs, but had exp er ien ce  w ith  th e  U .S. Westinghouse a er o so l  
bomb (Photographs I and l l ) .  This bomb weighed 26 ounces 
loaded, and con ta ined  l8  ounces of in s e c t i c id e  (0*4 per c e n t ,  
p y reth r in s  in  6 per c e n t ,  sesame o i l )  and the  p ro p e lla n t  
Preon 12 (d ich lorod iflu orom eth an e) .  Pour seconds spraying
with t h i s  bomb -was sa id  to d i s i n f e s t  (for  f l i e s  and m osquitoes)  
1,000 cubic f e e t .  Each bomb contained  enough in s e c t i c id e  
fo r  15 minutes continuous spraying .
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Photograph  1.
Westinghou.se Aerosol Bomb, 
(in action)
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P hotograph  11.
Westinghouse Aerosol Bomb, 
(in action)
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The "bomb was found to  be most e f f e c t i v e  
a g a in st  f l i e s ,  m osquitoes and sa n d f l ie s*  I t  provided  
a p lea sa n t  means o f  g e t t in g  rapid  clearance of winged 
in s e c t s  from rooms.
The B r i t i s h  Service In d iv id u a l I n s e c t ic id e  
Sprayers (Sp ark lets)  were somewhat s im ila r  to  the above. 
Pyrethrum was the in s e c t i c id e  used, but the p ro p e lla n t  
was carbon d ioxide (C02).
R ecently  in v e s t ig a t io n 3  on the d is p e r s a l  
of DOT in  smokes have been in  p ro g ress .  This work i s  
s t i l l  in  i t s  e a r ly  s ta g e s ,  (M inistry of Supply, 194 6 ) .
( f )  Impregnation.
The impregnation o f  c lo th in g  w ith  DOT has 
been s u c c e s s f u l  in  the p revention  o f  lou se  in f e s t a t io n .  
The is s u e  of impregnated s h ir t s  during th e  l a t t e r  part  
o f  the recen t war g r e a t ly  reduced body lou se  in f e s t a t io n  
amongst the tro o p s .
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Wall Spraying
Because of i t s  great s t a b i l i t y ,  DDT has a 
pronounced r e s id u a l  e f f e c t  which i s  unequalled hy other  
in s e c t i c i d e s .  Therefore, i f  the substance i s  d ep osited  
on su rfaces  whether as a dust, an o i l  s o lu t io n ,  or an 
em ulsion, i t  lea v es  a co a tin g  of DDT which e x e r t s ,  fo r  
se v era l  weeks at  l e a s t ,  a l e t h a l  e f f e c t  on in s e c t s  coming 
in  contact w ith i t .
Formerly, in s e c t i c id e  l iq u id s  contained  mainly  
pyrethrum ( F l i t ,  F ly to x , e t c . ) .  They were d isp ersed  in  
rooms a s  f in e  m ists  because i t  was necessary  f o r  pyrethrum  
to come in to  contact w ith  the in s e c t s  before  i t s  to x ic  
e f f e c t  was destroyed  by the  o x id is in g  a c t io n  o f  su n l ig h t  
and the atmosphere. Such in s e c t i c id e  sprays had no 
r e s id u a l  e f f e c t .
The p r in c ip le  of w a l l  spraying i s  e n t i r e l y  
d i f f e r e n t .  I t  i s  to cover  su rfa ces  w ith  a f in e  f i lm  o f  
DDT, and as a r e s u l t  o f  the r e s id u a l  a c t io n  o f  DDT in s e c t s  
landing on th ese  su rfa ce s  and remaining in  con tact  long  
enough w i l l  absorb a to x ic  dose.
As a r e s u l t  of the t r i a l s  ca rr ied  out by the  
I n s e c t ic id e  Development Panel o f  the M inistry  of Production ,  
a 5 per c e n t ,  con cen tra tion  was found to be s a t i s f a c t o r y  fo r  
most purposes and was recommended fo r  use by the B r i t i s h  
S e r v ic e s .
The 5 per c e n t .  Residual Spray w ith  kerosene  
as the v e h ic le  was used in  the p resen t in v e s t ig a t io n .
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I t  i s  probable that a smaller con cen tration  of DDT would 
have g iven  s im ila r  r e s u l t s  in  the co n tro l o f  s a n d f l i e s ,  
but t h i s  spray, in  a d d it io n , d e a lt  e f f e c t i v e l y  w ith  f l i e s  
and m osquitoes. I t  a lso  kept the naval es tab lish m en ts  
p r a c t i c a l ly  fr e e  of  cockroaches, bedbugs and other in s e c t  
p e s t s .
The i n s e c t i c i d a l  a c t io n  of DDT a f t e r  spraying  
has been s ta te d  to l a s t  for  from two to three months
(Lancet 194-6); t h i s ,  o f  cou rse , w i l l  vary w ith  the
con cen tra tion  o f  spraying, and the c l im a t ic  c o n d it io n s  
in  the area . In Malta, dead in s e c t s  were found three  
months and even longer a f t e r  a s in g le  treatm ent. The 
period  o f  e f f e c t iv e n e s s  o f  two to three months would seem 
a reasonable f ig u r e  for M alta.
C• Dosage of R esidual Spray.
F ie ld  experience in  I t a l y ,  In d ia , Assam, Dew 
Guinea and West A fr ic a ,  had shown that $0 - 100 mgm DDT
per square fo o t  ( i . e .  1 -  2 c . c .  per square fo o t  o f  per
c e n t ,  spray) was e f f e c t i v e  up to  two months a f te r  
a p p lic a t io n  (Craufurd-Benson, 1945)*
Buxton ( 1945) recommended 100 mgm per square 
fo o t  as the dose to be aimed a t .
H ertig  and Fisher (1945) ca r r ie d  out f i e l d  
t r i a l s  in  P a le s t in e  to t e s t  the e f f e c t iv e n e s s  o f  DDT in  
the co n tr o l  o f  s a n d f l i e s .  5 Per c e n t .  DDT in  kerosene  
was sprayed on th e  in s id e s  o f  b u ild in g s  at the ra te  of  
1 to 1*5 g a l lo n s  per 1,000 square f e e t  ( i . e .  224 mgm DDT
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per square f o o t ) .  The r e s u l t s  as judged by f l y  counts  
and the rep orts  of the in h a b ita n ts  o f  the houses in d ica ted  
th a t  almost complete con tro l was ob ta ined . Spraying only  
round the doors and windows o f  rooms led  to a redu ction  in  
the f l y  counts to a quarter o f  th e ir  former l e v e l ,  and few 
b i t e s  were reported .
These workers recommended th a t  fo r  p r a c t ic a l  
c o n tro l  o f  s a n d f l i e s ,  the e n t ir e  in s id e  w a lls  and a part of  
the c e i l i n g  should be t r e a te d ,  as w e l l  as the ou ts id e  margins 
o f  windows and doors. Their dosage o f  DDT was a very heavy 
one, and in  comparison w ith  the present in v e s t ig a t io n  would 
appear to be e x c e s s iv e .
In M alta, the 5 Per c e n t .  Residual Spray was 
applied  in  a dose o f  1 quart per 1,000 square f e e t  ( i . e .
56 mgm DDT per square f o o t ) .  The spraying p a r t ie s  were 
taught to apply the l iq u id  so th a t  i t  ju s t  "wetted11 the  
w a l l .  I t  was found that w ith  a l i t t l e  p r a c t ic e  the  
spraying team became e f f i c i e n t  a t  t h i s .  A check was 
made o f  each spraying party in  rooms where the approximate 
areas sprayed were a sc e r ta in e d .  G enerally the f ig u r e  
worked out j u s t  a l i t t l e  above 1 quart per 1,000 square 
f e e t .  This a llow ed fo r  w astage. With t h i s  dosage,
near p e r fe c t  c o n tro l o f  s a n d f l ie s  indoors was ob ta ined .
D. Methods o f  R esidual Spraying.
R esidual spraying requ ired  a spray which would
apply an even adherent coa tin g  o f  the l iq u id  on the su rfaces
sprayed. A lso , the spray had to  be such that the in s e c t i c id e  
l iq u id  did not sp la sh  o f f  the w a ll  and f a l l  to  v/aste on the
f l o o r .
Power sprays working w ith  compressed a ir  
s im ila r  to  th e  pa in t-gun s used in  industry  were known 
to have given  e x c e l le n t  r e s u l t s  in  North A fr ica . They 
were economic with the  l iq u id ,  as w e ll* a s  time and labour  
sav in g .
In Malta in  1945> power sprayers were not 
a v a i la b le ,  and other methods had to  be used. Two 
sprayers were used.
(a ) S tirrup  Pump Sprayers.
These were the ordinary s t irru p  £ump which 
was used for p a ss iv e  defence purposes. When the scheme 
fo r  w a ll  spraying was being prepared, i t  was le a rn t  th a t  
no sprayers were l i k e l y  to a rr iv e  from U. K. in  time to  
deal w ith  th e  a n t ic ip a te d  phlebotomus fever  outbreak, so 
an improvised sprayer had to  be d ev ised .
The s t irr u p  pump was taken, and a new n ozzle  
was produced by th e  Engineering Department of H.M. Dockyard, 
with a j e t  o f  one s ix ty - fo u r th  o f  an inch ( l / 6 4 H) .  This 
s iz e  of j e t  had been found b e s t  for  spraying in I t a ly  by 
Craufurd-Benson ( 1944).  The problem w ith  such a f in e  j e t  
was that i t  tended to c lo g  e a s i l y ,  so the Engineering  
Department arranged fo r  th e  new n ozzle  to be e a s i l y  
dism antled to  a llow  fo r  rapid c lea n in g  by the spraying teams.
At f i r s t ,  f i r e  buckets were used fo r  the  
Residual Spray„ but l a t e r ,  when the l iq u id  was su pp lied  in
fo u r -g a llo n  drums from Egypt, the st irru p  pump was in se r te d
in to  the bung-hole o f  the drum, and t h i s  r e s u lte d  in  a 
con sid erab le  saving of l iq u id ,  (Photograph I I I ) .
wm
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P hotograph 111.
Pour gallon insecticide liquid drum.
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The st irru p  pumps, of which there were large  
stocks in  the Naval S to res ,  were s a t i s f a c t o r y  only as  
improvised sprayers. They leaked a t  the n o z z le ,  and 
were w a ste fu l;  a f te r  about a week o f  u se , the rubber hosing  
p erished  and burst as a r e s u l t  of the  a c t io n  of the kerosene, 
la ch  s t ir r u p  pump requ ired  two men, one to  pump and one to  
do the  spray in g . Yet, in  s p i t e  of a l l  these  shortcom ings, 
the s t irru p  pumps did a reasonably e f f i c i e n t  jo b . They
were not used as apparatus o f  c h o ic e ,  but as im provisation s  
in  an emergency.
(^ ) Knapsack Pressure Operated Sprayers.
Among the Naval Health O f f i c e r ’ s a n t i-m a la r ia l  
s to r e s  were twelve Pour Oaks ‘‘Kent*' Sprayers, which had been 
supplied  fo r  spraying o i l  on water for  k i l l i n g  mosquito la r v a e .  
These sprayers were th e  type freq u en tly  used by gardeners for  
spraying f r u i t  t r e e s .  Por w a ll  spraying DDT R esidual Spray, 
they  gave e x c e l l e n t  r e s u l t s .
The Pour Oaks Sprayer was a one man u n it ,  
(Photographs IV and y ) .  The power fo r  operating  the spray 
was provided by th e  compressed a ir  in  the conta iner  which was 
pumped in  by means of the hand pump p r io r  to  s t a r t in g  to  
spray. Although the pressure in  the sprayer canid be 
pumped up to  70 lb s .  per square in ch , experience showed 
that high p ressu res  led  to  sp lash in g  and w astage. The
sprays were used between 10 and 30  lb s .  per square inch ,  
which gave the.best r e s u l t s .  This e n ta i le d  two to  three  
pumpings to every f i l l i n g  o f  the co n ta in e r .
I t  was d iscovered  that these  sprayers soon
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P hotograph  IV.
Pour Oaks ''Kent'1 Spray. 
Used for wall spraying.
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Photograph V.
Pour Oaks ’'Kent1' Spray 
in action on an embankment wall 
at R.N. Hospital, Malta (note the crevices). 
It is a one-man unit. The brass extension 
rod allows the operator to keep clear of the
spray.
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leaked i f  not cared f o r .  The kerosene r o t te d  the le a th er  
washers, and the apparatus became i n e f f i c i e n t .  However, 
when the sprayers were emptied and blown through with a ir  
to  dry them a f te r  u se , t h i s  trou b le  ceased . The spraying  
teams were quick to learn  t h i s ,  and w ith  proper ca re , the  
Pour Oaks Sprayers gave good s e r v ic e .
A supply v/as ordered fo r  194-6, and I have been  
informed that they have been e x te n s iv e ly  used, and have 
continued to  prove a good type o f  one man u n it .
E. Sprayin g O rg a n isa tio n ,_ ,1.945v
The naval e s ta b lish m en ts  in  Malta were d iv ided  
in to  f iv e  groups. One estab lish m en t w ith in  each group was 
made an Anti-Sandfly Headquarters, and to i t  was a ttach ed  the 
A n ti-S an d fly  Squad. Each squad c o n s is te d  of the Senior  
M edical O f f ic e r  o f  the area , an O f f ic e r ,  two P e t ty  O f f ic e r s  
and ten  r a t in g s .  The O ff ic e r  and the P e t ty  O f f ic e r  were 
permanent members of the squad, but the r a t in g s  were 
c o n s ta n t ly  changing. Mainly, r a t in g s  in  t r a n s i t  were used.
The O ff ic e r s  and P e t ty  O f f ic e r s  were g iven  
in te n s iv e  in s t r u c t io n  on th e  c o n tr o l  measures to  be taken  
a g a in st  s a n d f l i e s .  They were is su e d  with the apparatus, 
and s e v e r a l  p r a c t ic e s  were h e ld .  At f i r s t ,  weekly  
co n feren ces  were held  in  order to g ive  everyone a c le a r  
understanding o f  what was re q u ired . The d elay  in  the 
DDT a r r iv in g  in  Malta, though d isa p p o in t in g ,  provided  an 
ample opportunity  fo r  b r ing ing  the A n ti-S a n d fly  Squads up 
to  a h igh degree of  e f f i c i e n c y  and enthusiasm .
P r o te c t iv e  c lo th in g  was not worn by the
spraying teams (v ide i n f r a . ) ,  and the c h ie f  hazard was 
consid ered  to  he the danger o f  f i r e .  Smoking was not 
perm itted  in  rooms in  which spraying  was in  p ro g r e ss ,  and 
arrangements were made f o r  spraying g a l le y s  when th e  
f i r e s  were out.
The main duty of the O ff ic e r  was to arrange  
the spraying programme o f  each squad to f i t  in  w ith  the  
other requirem ents of the various estab lish m ents*  He 
a ls o  g e n e r a l ly  supervised  the work. The P e t ty  O ff ic e r s  
tra in ed  and superv ised  the work of the r a t in g s ,  and were 
c o n s ta n t ly  p resen t during spraying .
The f i r s t  spraying was done between the 22nd 
June and th e  6th  J u ly , and at s ix  to  e ig h t  weekly in t e r v a ls  
t h e r e a f t e r .
The e f f e c t  o f  the f i r s t  spraying was dram atic , 
s a n d f l i e s  p r a c t i c a l ly  disappeared from rooms and d o rm ito r ies ,  
and the f l y  nuisance was g r e a t ly  reduced. The large  
numbers o f  dead f l i e s  swept up d a i ly  provided v i s u a l  proof  
o f  th e  e f f e c t  o f  DDT. Prom then  onwards, the d i f f i c u l t y  
was to  l im i t  the spraying o f  naval es ta b lish m en ts  to  s ix  
weekly in t e r v a l s .  This was e s s e n t i a l  as su p p lie s  o f  the  
in s e c t i c i d e  were l im it e d .
TOXICOLOGY.
Much research  work has been ca r r ie d  out on th e  
t o x i c i t y  o f  DDT to man, the h igher animals { e s p e c ia l ly  farm 
a n im a ls ) ,  and the v a r io u s  lower forms o f  l i f e  b e n e f i c i a l  to  
man ( e . g .  f i s h ) .  Apart from th e  im por tance  o f  e s t a b l i s h i n g  
how poisonous th e  new in s e c t i c i d e  was p r i o r  to  i t s  b e ing
accepted  for  e x te n s iv e  u se , Bishopp (1945) ha.s g iven  another  
in t e r e s t in g  reason . Late in  194-2, a samrjle o f  DDT was 
sent by the Geigy Company to i t s  American branch. I n i t i a l  
t e s t s  were conducted with ca u t io n , s in ce  the m a ter ia l appeared 
to be a nerve p o iso n , and i t  was suspected  that p o s s ib ly  
Germany had perm itted  the m a te r ia l  to be shipped out o f  
Sw itzerland  in  the  hope t h a t  i t  might be used e x te n s iv e ly  
on American troops and in  some way a d v erse ly  a f f e c t  them.
E xtensive t e s t s  have been c a r r ie d  out in  t h i s  
country by Cameron and Burgess (194J), and in  the United  
S ta te s  by B ra ize , Nelson and Calvery (1944)5 Woodward,
Nelson and Calvery (1944)5 Smith and Stohlman (1944)5 and 
L i l l i e  and Smith ( 1944) .  Some o b serv a tio n s  have a ls o  
been made in  West A fr ica  by H i l l  and Hobinson (1945) .
As the r e s u l t s  of th ese  workers are s u b s ta n t ia l ly  
in  agreement, no attempt w i l l  be made to rev iew  them in  d e t a i l .  
The fo l lo w in g  i s  a summary of th e ir  main f in d in g s  in  animal 
exp er im en ts!-
(a) Repeated exposure to moderate d oses o f  DDT 
appears to be more dangerous than exposure to a s in g le  
large  d ose .
(b) The c h ie f  e f f e c t s  o f  a s in g le  la rg e  dose are  
c o ld n e ss ,  trem ors, muscular weakness, in co o r d in a t io n  o f  
movements, anorex ia  w ith  rap id  w a st in g , and, e v e n tu a l ly ,  
r e sp ir a to r y  p a r a ly s i s  and d eath . The s ig n s  of in to x ic a t io n  
which appear in  12 to 24 hours may disappear aga in  w ith in  a 
few days w ith  com plete re co v e ry .
To produce a f a t a l  r e s u l t ,  r e l a t i v e l y  large  
d oses are r e q u ir ed . Eor in s ta n c e ,  the L.D.JO (median
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l e t h a l  dose) fo r  ra h h its  was estim ated  to be 3 00 mgm/kgm. 
body weight (Smith and Stohlman, 1944), using 1 to  5 per 
c e n t .  DDT in  o l iv e  o i l  g iven  by the stomach tub e. H i l l  
and Robinson ( 1945) estim ated  the L.D.JO for baboons as  
between 236 and 472 mgm/kgm., using 5 per c e n t .  DDT in  
kerosene given by the 3tomach tub e . Por skin a p p l ic a t io n  
o f  s in g le  d o ses ,  Cameron and Burgess (1945) found the L.D.50  
for  r a b b its  was 300 mgm/kgm., fo r  guinea p ig s  1,000 mgm/kgm., 
and f o r  r a t s  3 >000 mgm/kgm., using  DDT d is so lv e d  in  m edicinal  
l iq u id  p a r a f f in .
When death  occurs a f t e r  the e x h ib i t io n  of a 
s in g le  large dose of DDT, the p a th o lo g ic a l  f in d in g s  are not 
marked. Pulmonary oedema may be presen t as a term inal 
m a n ife s ta t io n .  Mild or moderate damage o f  the l i v e r  and 
kidneys s im ila r  to t h a t  found a f te r  repeated ad m in istra tion  
may be found, but i s  not c o n s ta n t .  Cameron and Burgess  
(1945) have confirmed the f in d in g  o f  the American workers 
(Smith and Stohlman, 1944, and L i l l i e  and Smith, I 944) of  
degenerative changes (ch ro m a to ly s is ,  t i g r o l y s i s ,  v a cu o la t io n ,  
p ykn osis)  and sometimes d e s tr u c t io n  of a few a n te r io r  horn 1 
c e l l s  in  the th o r a c ic  and lumbar reg io n s  o f  the sp in a l  cord.
(c) With repeated  a d m in is tra t io n  o f  moderate doses
o f  DDT a more d e f in i t e  c l i n i c a l  and p a th o lo g ic a l  p ic tu r e  
em erges. There i s  l o s s  of w eigh t, anorex ia , m ild  anaemia,
w ith  polymorphonuclear l e u c o c y t o s i s , and damage to the  c e n tr a l  
nervous system , causing  e x c i t a b i l i t y ,  i n s t a b i l i t y ,  tremors 
and muscular weakness. The main p a th o lo g ic a l  fe a tu r e s  seem
to be l i v e r  damage, which in  i t s  m ild e s t  form c o n s i s t s  of  
cloudy s w e l l in g  w ith  f a t t y  d egen era tion , but may go on to
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numerous areas of  f o c a l  n e c r o s is  or large  areas of  
cen tro lo b u la r  n e c r o s is  which are uniformly d is t r ib u te d  
throughout the organ.
Cameron and Burgess (1945) found th a t  
c a l c i f i c a t i o n  sometimes occurred in  the n e c r o t ic  a re a s .
They d iscovered  n e c r o t ic  changes to  a l e s s e r  degree in  
the k id n eys . They a lso  reported  th at  in  r a b b its  exposed  
to  large  skin doses there was evidence o f  a r i s e  in  blood  
calcium  v a lu e s .
T o x ic i ty  to Man.
Cameron and Burgess (194-5) made -some 
o b serv a tio n s  on human s u b j e c t s ,  ( l )  wearing undergarments 
impregnated w ith  DDT, and (2) working in  con tact  w ith  DDT. 
They concluded that there was l i t t l e  r i s k  of l o c a l  sk in  
i r r i t a t i o n  or gen era l system ic e f f e c t s  a t tr ib u ta b le  to  
DDT, even w ith  prolonged exposure. In many o f  th e ir  
experim ents, there were id e a l  c o n d it io n s  for  absorption  
from hot sweaty sk in .
Wigglesworth (1945) reported  a. case o f  DDT 
in to x ic a t io n  in  a laboratory worker who had been in  d a i ly  
co n ta c t  w ith  high co n cen tra tio n s  o f  DDT in  acetone and in  
powder form far  in  ex c e ss  o f  the co n cen tra tio n s  l i k e l y  to  
be met w ith  in  the rou tin e  use o f  the compound in  in s e c t i c id e  
work.
The c l i n i c a l  syndrome was h ea v in ess  and aching  
of the lim bs, s l e e p le s s n e s s ,  “spasms of extreme nervous ' 
t e n s io n ”, p r o s tr a t io n  o f  such a degree as to  co n fin e  the  
s u f fe r e r  to  bed fo r  a f o r t n ig h t ,  and in vo lu n tary  muscular
tw itc h in g s  o f  the whole body on at l e a s t  th ree  o c c a s io n s .
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At the end of a ye&r,. f u l l  recovery had not taken p la c e .
As Case (194-5) s t a t e s ,  !,This report o f  
W igglesworth1 s i s  of great importance in  th a t  i t  removes 
the q u estion  of human DDT in to x ic a t io n  from the ^sphere of  
t h e o r e t i c a l  sp e c u la t io n  to the realm o f  in d u s t r ia l  m edicine;  
fo r  i t  i s  l i k e l y  that a substance known to he to x ic  to  
mammals, shown to he to x ic  to  men under c e r ta in  c o n d it io n s ,  
and in  wide use may produce s u h c l in ic a l  m a n ife s ta t io n s ,  
not a t  p resen t  reco g n ised , which w i l l  lower the h e a l t h - l e v e l  
and e f f i c i e n c y  o f  workers at r i s k ,  and th a t  the ra p id ly  
growing use o f  DDT w i l l  extend in to  circum stances where 
human in to x ic a t io n  i s  l i k e l y  to occur."
Case (1945) in v e s t ig a te d  the p o s s ib le  to x ic  
e f f e c t  o f  a distemper con ta in in g  2 per c e n t ,  by weight o f  
dry f i lm  o f  DDT. He exposed two su b je c ts  for  48 hours 
under s p e c ia l  c o n d it io n s  ( o i ly  w a ll  su r fa c e s ,  la rg e  skin  
areas exposed, high ambient temperature and r e l a t i v e  humidity) 
in  a compartment which had been tr e a ted  w ith  the distem per. 
D e f in i te  to x ic  e f f e c t s  were produced, in c lu d in g  an in crease  
o f  ery th rocy te  d es tr u c t io n  ( s i d e r o c y t o s i s ) , a decrease in  
the mean corpuscular haemoglobin, and a dim inution of p o ly ­
morphonuclear le u c o c y te s .  This l a s t  ob servation  i s  a t  
variance w ith  the f in d in g s  in  animals of Cameron and Burgess  
( I 9 4 5 ) ,  who co n sid ered  th a t  a r i s e  in  the w hite c e l l  count 
w ith  an a b so lu te  polymorphonuclear le u c o c y to s is  might be a 
s ig n  o f  d ia g n o s t ic  importance. The c h ie f  su b je c t iv e
phenomena noted were t ir e d n e s s ,  h eav in ess  and aching of the  
l im b s, d im inution of some r e f l e x e s ,  muscular weakness o f  the
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l e g s ,  and an apprehensive mental s ta te*
He s t r e s s e d  the danger of DDT causing  
in t o x ic a t io n ,  p a r t ic u la r ly  in  the presence o f  o i l*
H i l l  and Robinson ( 1945) (and H i l l ,  1946) 
have d escr ib ed  a f a t a l  case o f  DDT p o ison in g  in  a c h i ld  
aged 1 year 7 months. This i s  the only human f a t a l
case so far  recorded*
The c h i ld  (a West A fr ican) drank abo-ut 
1 ounce o f  a s o lu t io n  o f  5 per cent* DDT in  k erosene.
S hortly  afterw ards he vom ited, but grad u a lly  worsened, 
and in  an hour and a h a l f  became comatose, had con vu ls ion s  
which appeared to  c o n s is t  of g e n e r a l ise d  f in e  trem ors.
He d ied  four hours a f t e r  drinking the l iq u id .  At the  
post-mortem exam ination, there was some co n g estio n  and 
oedema o f  the b ra in . There was l i t t l e  o f  s ig n if ic a n c e
in  the v is c e r a  and the cause of death was pulmonary oedema. 
This pulmonary oedema was s ta te d  to  be probably due to  
p a r a ly s i s  o f  the re sp ira to r y  c e n tre .
These workers ca r r ied  out co n tr o l  experim ents  
w ith  baboons, and have claim ed to  show th at the c h i ld * s  
death was due to DDT p o ison in g  and not to  the kerosene.
I t  may be concluded from the forego in g  data  
that DDT i s  no more to x ic  than many i n s e c t i c i d e s  and other  
substances in  common u se , but i t  should  be handled w ith  
care to avoid  in g e s t io n  and prolonged con tact  o f  a d l .
s o lu t io n s  w ith  th e  sk in .
Toxic l e v e l s  are not e a s i l y  reached when d i lu te
s o lu t io n s  s u ita b le  for  i n s e c t i c i d a l  purposes are employed. 
Danger to h e a lth  i s  l i k e l y  to  a r i s e  on ly  from the c a r e le s s
use of co n c e n tr a te s ,  (Cameron and B urgess, 1945)  ^ DDT 
used as an in s e c t i c id e  would appear to  be q u ite  s a fe .
Personal O bservations.
During planning of the r e s id u a l  spraying  
campaign for  the c o n tro l  o f  phlebotomus fev er  in  1945, i t  
was decided th at  the  men using the sprays should be p ro tec ted  
a g a in st  heavy sk in  contam ination w ith  the o i l y  s o lu t io n  and 
a ls o  a g a in st  in h a la t io n .  W hilst the hazard was not  
con sidered  to be g r e a t ,  i t  was known that Draize and h is  
co-workers (1944) had shown to x ic  e f f e c t s  occurred in  animals  
from a p p l ic a t io n s  to th e  skin o f  o i l y  s o lu t io n s  co n ta in in g  
BIT. A lso , th a t  Heal e t  a l .  ( 1944) ,  who s tu d ied  the hazards 
from the use o f  a e r o s o l s ,  m is ts  and d u stin g  powders con ta in in g  
DDT in  dogs, r a t s  and guinea p ig s ,  had found that in to x ic a t io n  
and death could  occur w ith  very high c o n c e n tra t io n s .
P r o te c t iv e  c lo th in g  was is su e d  to the spraying teams in  th e  
form o f  o i l s k in  c o a ts ,  o i l s k in  a n t i -g a s  g a u n t le t s  and su r g ic a l  
fa ce  masks. In t h i s  p lann in g , I had overlooked the heat o f  
the Mediterranean summer. Wearing the p r o te c t iv e  c lo th in g ,  
any p h y s ic a l  e f f o r t  was t i r i n g ,  and slow p rogress  w ith  the 
spraying was made. A fter  the f i r s t  few days the p r o te c t iv e  
c lo th in g  was withdrawn and th e  men worked in  sh o r ts  and s h i r t s .  
The P e tty  O f f ic e r s  in  charge of th e  teams were in s tr u c te d  to  
see that the men washed t h e ir  hands and arms thoroughly b efore  
dinner and a t  the end o f  the d ay’ s spraying . They were to ld  
to  look  out fo r  any s ig n s  o f  unusual la s s i tu d e  among t h e ir  
teams and to  report im mediately any sk in  r a s h e s .  During the  
whole summer not a s in g le  man from any of the spraying teams
developed any symptoms which might have been due to the  
to x ic  a c t io n  of DDT. Nor was any i r r i t a t i o n  of the skin  
due to  the o i l y  s o lu t io n  reported , a lthough i t  was being  
s p e c ia l ly  looked f o r ,  and a l l  personnel were to ld  to report  
a skin  rash  im m ediately. The spraying teams got th e ir  
hands and arms h e a v ily  contaminated with the o i l y  so lu t io n  
owing to  the improvised s t irr u p  pump sp rayers, which a l l  
leaked to some e x te n t .
One fa c to r  which must not be overlooked i s  
th at  the personnel o f  the spraying teams was c o n s ta n t ly  
changing, and only a few men were on the job d a i ly  fo r  
more than th ree  to  four weeks. The P e t ty  O f f i c e r s ,  who 
were permanent, did not come in to  such c lo s e  con tact  w ith  
the R esidual Spray.
Case Report of Skin Eruption
due to 5 Per c e n t .  DDT R esidual Spray! -  
During th e  summer o f  1945, there was an outbreak  
of bubonic plague in  M alta, and the e f f e c t iv e n e s s  o f  DDT as 
a measure fo r  d estro y in g  the v e c to r ,  namely the r a t  f l e a  
(X enopsylla  ch eop is)  had been g iven  con sid erab le  p r ess  
p u b l i c i t y .  As a r e s u l t ,  a M altese dockyard workman, on 
the afternoon  o f  3 1 s t  August, f in d in g  a spraying o u t f i t  
unattended, put the n o zz le  of the sprayer up each trou ser  
le g  and thoroughly sprayed h is  le g s  and th e  in s id e  o f  h is  
tr o u se r s  w ith  R esidual Spray. The reason he gave was to  
prevent f l e a s  b i t in g  h is  le g s  and to p r o te c t  him ffom p lague .
On r e t i r in g  th a t  n igh t he n o tic ed  some smarting 
of h is  l e g s ,  but saw no ra sh , but next morning when he got
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out of "bed he found both le g s  covered w ith  a rash  up to h is  
g r o in s .  He reported  the rash to h is  foreman on a r r iv a l  
a t  the dockyard, and was sent to  the R.H. H o sp ita l .
Examination.
When seen a t  0 9 . 3° on t*16 l e t  of September, an 
eczematous rash was seen on both le g s  and th ig h s ,  extending  
from j u s t  above the ankles to the gro in s  (photograph V I) .
The rash  was hot and i t c h in g ;  se v era l  small areas of  
v e s ic a t io n  were seen  in  the p o p l i t e a l  r e g io n s .  The 
eruption  was most marked round the knee.
The man s t a te d  th a t he had never had any skin  
rashes  p r e v io u s ly ,  and he did not s u f f e r  from asthma. His
job in  the dockyard was that o f  a P i t t e r ,  which he had worked 
at fo r  14 y e a r s .  He freq u en tly  came in to  con tact w ith  o i l  
and grease a t  h is  work.
In order to  a s c e r t a in  the true cause of the  
eru p tio n , a s e r i e s  of patch t e s t s  (photograph VII) were 
c a r r ie d  out on the dockyard workman, and on a m edical 
o f f i c e r  who vo lu nteered  fo r  th e  experim ent.
Three patch  t e s t s  were done ,on both s u b je c t s t -
(a) Proximal T e s t .
A p iec e  o f  l i n t  (about 1-J- in ch es  square) soaked 
in  5 Pe;r c e n t .  DDT R esidual Spray, was w e ll  wrung ou t, p laced  
on the arm and strapped in  p o s i t io n  w ith  adhesive p la s t e r .
(b) Middle T e s t .
A s im ila r  p ie c e  of  l i n t  was soaked in  a saturated  
s o lu t io n  o f  DDT in  e th e r .  This was not wrung out but allowed  
to  dry in  the sun, then a p p lied  to  th e  arm as b e fo r e .  This
P ho tograph  VI.
Eczematous rash on limbs, 44 hours 
after application of Kesidual Spray,
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P ho tog raph  V ll.
Patch Tests.
Appearance after 24 hours.
(a) Residual Spray
(b) DDT.
(c) Kerosene.
Control. Patient.
Medical Officer. Dockyard-man,
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was to t e s t  whether e i th e r  su b jec t  was s e n s i t iv e  to DDT.
(c ) D is ta l  T e s t .
A s im ila r  square o f  l i n t  was soaked in  kerosene.  
The l i n t  was wrung o u t,  a p p lied  to  the  arm and f ix e d  in  
p o s i t io n  w ith  stra p p in g . This was to t e s t  s e n s i t i v i t y  to  
the crude kerosene s o lv e n t .
The proximal and d i s t a l  t e s t s  showed a marked 
r e a c t io n  w ith  v e s ic a t io n  in  both s u b j e c t s , .w h i l s t  the middle 
t e s t  in  both gave no r e a c t io n .  This proved c o n c lu s iv e ly  
th a t  the rash  was due to the kerosene v e h ic le  and not the 
DDT in  the R esidu al Bpray.
Photograph VI shows the rash  on the littbs on 
Sunday, the 2nd September, 1945, when the c o n d it io n  was 
s ta r t in g  to  su b s id e .
Photograph VII shows the r e s u l t s  o f  the patch  
t e s t s  taken on the same day, 24 hours a f t e r  t h e ir  a p p l ic a t io n .
Cameron and Burgess ( 1945) found in  t h e ir  sk in  
a p p lic a t io n  experim ents on r a b b it s ,  guinea p ig s  and r a t s  th a t  
sk in  i r r i t a t i o n  due to kerosene was common, and showed by 
co n tr o l  experim ents th a t  t h i s  a lone could k i l l  an im als.
When they used em u ls ion s , the sk in  a t  the  s i t e  o f  a p p l ic a t io n  
did  not become in flam ed.
I t  Qan;. be concluded th a t  there i s  a danger of  
the kerosene v e h ic le  in  i n s e c t i c id e  l iq u id s  causing  d e r m a t it is  
i f  i t  comes in to  prolonged c lo s e  co n ta c t  w ith  the sk in .
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SECTION 4 .  
AUTHOR*S INVESTIGATION
The in te n s iv e  a e r ia l  'bombardment of Malta which 
"began in  June, I 94-O, and continued u n t i l  th e  s ie g e  was l i f t e d  
in  November, 1942, caused great d e v a sta t io n  in  the naval shore 
es ta b lish m e n ts .  Owing to  th e  progress o f the North A frican  
o p e r a t io n s ,  Malta ra p id ly  became an important base fo r  the  
in v a s io n  of I t a l y .  As a r e s u l t ,  manpower and m a te r ia ls  were 
almost e n t i r e ly  devoted to the p ro secu tio n  o f  the war, and a 
reduced standard of hygiene in  th ese  es ta b lis l im en ts  had to  be 
accep ted .
In 1944, c o n d it io n s  were favourable fo r  a san d fly  
fev er  epidemic among naval p erso n n e l.  In the shore e s t a b l i s h ­
ments, heaps of  rubble a d jo in in g  overcrowded l iv in g  accommodat­
ion  had been l e f t  untouched fo r  one summer or more, and in  many 
in s ta n c e s  conta ined  obvious n itrogen ous m atter . The lo o se  
i n t e r s t i c e s  of  t h i s  rubble r e ta in e d  m oisture and provided  
id e a l  c o n d it io n s  and a su ita b le  m icro -c lim ate  fo r  the l i f e  
c y c le  of  phlebotomus, namely:-
1. Breeding grounds w ith  high degree o f  humidity and
n itrogen ous m atter .
2 . Nearness to  human h a b ita t io n s  so th a t  th e  female
f l y  could  g e t  a blood meal requ ired  fo r
f e r t i l i z a t i o n  o f  the ova.
Owing to  the in f lu x  of naval p ersonnel the over­
crowding of l i v i n g  accommodation was c o n s id e r a b le .  I l l -  
v e n t i la t e d ,  blast-damaged b u ild in g s  were crammed to  ca p a c ity  
w ith  men, s le e p in g  in  hammocks almost touching or in  3 - t i e r  
bunks. As Malta had become the main d r a f t in g  cen tre  for  the  
Mediterranean Command, large numbers of men fr e s h  from the
United Kingdom, and consequently  h igh ly  s u sc e p t ib le  to the  
d is e a s e ,  a rr iv ed  fr e q u e n t ly .  With such favourable co n d it io n s  
provided fo r  the v ec to r  and the movement of large numbers o f  
unseasoned men through the overcrowded e s ta b lish m e n ts ,  the 
fev er  became epidem ic. Out of the t o t a l  o f  3 >5^5 ca ses
n o t i f i e d ,  the shore es ta b lish m en ts  provided 2,795 ca se’s ,  or*
n ea r ly  80 per c e n t .
B r ie f ly ,  the course of the 194-4 outbreak was as  
f 0H ow s, (v id e  Graph 1) -
The f i r s t  ca ses  were rep orted  about the middle 
o f  June and the case in cid en ce in  shore es ta b lish m en ts  rose  
r a p id ly  from 2*4 per thousand fo r  th e  week ending 9th  June to  
29«7 per thousand fo r  the  week ending 14th J u ly .  Prom mid- 
Ju ly  there was a sharp f a l l  in  th e  weekly in c id e n c e -r a te  to 
around 15 per thousand u n t i l  th e  beginning o f  September, when 
there was a second sharjj r i s e  in  the number o f  c a s e s ,  which  
reached i t s  peak o f  33*5 Per thousand for the week ending 15th  
September. Prom then onwards the number of c a s e s  occurring  
r a p id ly  became l e s s  and the epidemic ceased  about the 10th o f  
November w ith  the onset o f  co o le r  w eather.
During th e  23 weeks epidemic p er io d , 2 ,795  ca ses  
were reported  from naval e s ta b lish m en ts  in  Malta or a m orbidity  
r a te  o f  349*5 Per thousand.
The Scheme fo r  1945*
The b a s is  of th e  scheme was to  adopt a l l  known 
means f o r  th e  p revention  of san d fly  fev er  and t o  tr y
exp er im en ta lly  the e f f e c t  o f  DDT in  kerosene used as a w a ll
spray and pyrethrum and DDT a n t i - a d u l t  spray used as a " f l i t ” .
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GRAPH 1.
SANDFLY FEVER MALTA
Weekly incidence-rate in 
Naval Shore Establishments
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147
i . Known Methods*
(a ) R e p e lle n ts .
The new in s e c t  r e p e l le n t  dimethyl p h th a la te  had 
"become a v a ila b le  and was su p p lied  to  p ersonn el who had to  he 
o u t-o f-d o o rs  at  n ig h t .  The r e s u l t s  obtained  w ith  the 
r e p e l le n t  have a lready been descr ib ed  (page 9&)#
(b ) P revention  o f  Overcrowding.
With the end of the War and the in crea sed  ra te  
of r e le a s e  o f  naval personnel" fo r  d e m o b il isa t io n , the over­
crowding in  barracks could  not be reduced as much as was 
hoped, but constant e f f o r t s  were made to  keep i t  as low as  
p o s s i b l e •
( c ) Rubble Clearance.
Up to June, 19459 p r a c t i c a l ly  no rubble c learance  
had been done in  naval es ta b lish m en ts  except th a t  n ecessary  
for  the working o f  the  e s ta b lish m e n t , e . g .  c le a r in g  roadways. 
During the summer, and e s p e c i a l l y  a f t e r  the I t a l ia n  p r iso n e r s  
of war doing the rubble c learan ce  were rep laced  by German 
p r iso n er s  of  war, co n s id era b le  p rogress  was made.
(&) Sandfly  N ets .
Arrangements were made for all naval personnel 
to  be. is su e d  w ith  sa n d fly  n e t s .  T his measure had been 
adopted in 1944, but as the nets were not adapted to suit 2 
and 3-tier bunks, many ratings slept w ithou t proper protection. 
In I945, s p e c ia l  n e ts  were devised for 2 and 3-t i e r  bunks.
The transient ratings in  HHS EUROCiXDOlT, who- 
numbered approximately twelve to fourteen hundred, slept in
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hammocks and, in  s p i t e  o f  numerous e f f o r t s ,  I was unable to 
d ev ise  a p r a c t ic a l  san d fly  net for  use w ith  a hammock. The 
’hammock mosquito net* made of san dfly  n e t t in g  prevented  
v e n t i l a t io n  and was im p ra ct ica b le .  A lso , the f i r e  r i s k  
from large amounts of n e t t in g  festo o n ed  in  a dormitory had 
to  be borne in  mind. T herefore , i t  was decided in  the  
d orm itor ies  at HMS EUROCLYDON to forego the p r o te c t io n  o f  
n e ts  and r e ly  s o l e ly  on the a c t io n  o f  the DDT R esidual  
Spray.
(e ) Immediate I s o la t io n  o f  a l l  ca ses  o f  Sandfly Pever.
In order to reduce the chance of phlebotomi 
acq u irin g  the v ir u s  by b i t in g  c a s e s  o f  san d fly  f e v e r ,  
arrangements were made f o r  the i s o l a t i o n  o f  a l l  ca ses  
immediately on d ia g n o s is  in  h o s p i ta l  accommodation which 
was s i tu a te d  at a sa fe  d is ta n ce  from the  large  es tab lish m en ts  
(Map 2 ) .  The R.H. H o sp ita l ,  standing on B ighi promontory, 
took the ca ses  from the Dockyard, HM Ships in  the Grand 
Harbour, Port R ic a s o l i ,  Camarata Barracks, Port S t .  Angelo 
and HMS EUROCLYDOU. HM H osp ita l Ship MAIITE, monred in  
M isida Creek, took the ca ses  from the other es ta b lish m en ts  
and e s p e c i a l l y  the ca se s  from the congested  es ta b lish m en ts  
on Manoel I s la n d . The s ic k  quarters  in  HMS EUROCLYDOU had 
a 20-bed ward on the f i r s t  f lo o r  and, as  th i s  was w e l l  away 
from the d o rm ito r ies ,  i t  was used for a number o f  c a se s  
occurring in  t h i s  e s ta b lish m en t. Except in  HMHS MAIHE, 
a l l  ca ses  of sa n d fly  fev er  were nursed under san d fly  n e t s  
n igh t and day f o r  the f i r s t  48 hours.
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MEDICAL AND NAVAL SHORE ESTABLISHMENTS IN MALTA, 1945.
MAP 2.
H.M.H.S.
"M
i i  New Methods.
(f ) R esidual Spraying*
The technique of spraying the in s id e  of a l l  
l i v i n g  accommodation w ith  DDT Residual Spray has already  
heen d escribed  (p. 124). This was done approximately every  
s ix  weeks during the summer.
(8) f l i t t i n g 1 w ith  I n s e c t i c id e  Spray.
To save DDT, o f f i c e s  were 1 f l i t t e d 1 v/ith the  
in s e c t i c id e  l iq u id  known as Anti-Mosquito Spray. This  
spraying was done v/ith ordinary hand sp rayers ( f l i t  guns).
Cinemas were g iven  s p e c ia l  a t t e n t io n .  The 
naval cinemas at HMS EUROCDYDON and Manoel Is lan d  were tr e a te d  
w ith  R esidual Spray along w ith  th e  l i v i n g  accommodation, hut 
n ig h t ly ,  p r io r  to  the performance, the cinemas were sprayed  
w ith  Anti-M osquito Spray.
A diagrammatic scheme of the a n t i - s a n d f ly  fev er  
campaign was prepared, Figure 8 , and, v/ith a memorandum g iv in g  
more d e ta i le d  in s t r u c t io n s ,  was sent t o  a l l  concerned.
The 1945 Epidem ic.
The outbreak s ta r t e d  q u ite  suddenly and before  
i t  was ex p ected . The f i r s t  c a se s  were reported  during the  
week ending l8 t h  May and were tw elve in  number. These ca se s  
were seen  by me p r io r  to or s h o r t ly  a f t e r  adm ission to h o s p i ta l  
they p resen ted  a very c l e a r  c l i n i c a l  p ic tu r e  and the d ia g n o s is  
was not d i f f i c u l t .  In the e a r ly  weeks of the epidemic a f a i r  
prop ortion  o f  the ca ses  were se v e r e .  This i s  contrary to  the
FIGURE 8 .
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1. Yery t h o r o u g h  s p r a y  w i t h  DOT' e v e r y  month*
2 .  D a i l y  ' f l i t t i n g 1 m o r n i n g  and. e v e n i n g  w i t h  I 
I A n t i - M o s q u i t o  S p r a y .  I
IP'S The supply o f  DOT' l i q u i d  i n s e c t i c i d e s  i s  l im it e d
a n d  care s h o u l d  be taken to  a v o i d  waste*
L i  v i  ng Qjaar t  e r s *
S p r a y  w i t h  "$2T50r R e s id u a l ,  
S p r a y  e v e r y  s ix  "weeks..
N .B .Spray  g e n e r o u s l y  window 
s  urrounda * d a r k  co r n e r a » 
c ra c ks and. c r e v ic e  a 
where s a n d f l i e s  bide*
f in d in g s  o f  Doerr an'd Hubs (19^ 9)> w 1^0 s t a t e d  t h a t  t h e  f i r s t  
c a se s  in  a phlebotorrms fev er  e p id em ic  were m ild . They 
suggested  t h a t  the v ir u s  was dim inished in  v ir u le n c e  hy 
passage to the o f fsp r in g  and that v ir u le n c e  was regained  hy 
passage through man.
The number of ca ses  in creased  r a p id ly ,  as shown 
in  Table 14 (page 165) and Graph 2 (page 1J3)•
The c a se s  were sc a tter e d  among th e  v a r io u s  
e stab lish m en ts  on the  i s l a n d ,  but the spot maps showed that  
by far  the m ajor ity  of ca ses  in  th ese  e a r ly  weeks came from 
the submarine base on Manoel I s la n d , HMS MEDWAY 11 (Graph J 
page 176) .
When the f i r s t  ca ses  occurred, th e  on ly  SOT 
a v a i la b le  was JO lb s .  which had been s u p p l ie d  fo r  e x p e r im e n ta l  
purposes. By the time s u p p l ie s  of DOT and t h e  i n s e c t i c i d e  
l iq u id s  co n ta in in g  DDT a rr iv ed , the  epidemic had been in  
p rogress  for s ix  weeks and, in  the shore  es ta b lish m e n ts ,  531 
ca ses  had occurred ( i . e .  ° f  the t o t a l  c a s e s  in  sh o re
e s ta b lish m e n ts .  During th ese  s ix  weeks a l l  th e  p r e v e n t iv e  
measures were in  op eration  except the  sp ra y in g  w i th  DOT'. 
Commanding O f f ic e r s  were asked to a r r a n g e  fo r  in s p e c t i o n s  to  
be made to  ensure that th e  n e ts  were b e in g  p r o p e r ly  u sed .
Most in d iv id u a ls  used th e ir  n e t s  p r o p e r ly  as soon a s  th e y  
le a r n t  from exp erien ce  t h a t  f a i l u r e  t o  do so r e s u l t e d  in  
se v e r a l  i t c h in g  b i t e s  n e x t  day . HMS EUHOCLYDON, where the 
r a t i n g s  were s le e p in g  in  hammocks, a t  f i r s t  rem ained  c o m p a ra t iv e ly  
f r e e  o f  s a n d f l i e s  and had on ly  a r e l a t i v e l y  sm a ll  number o f  cases*  
In  th e  f i r s t  weeks of June the d i s e a s e  g r e a t l y  increased i n  t h i s
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estab lish m en t and, by t h i s  t im e , the unprotected men were 
bein g  badly b itte n *
Prior to th e  a r r iv a l  o f  the Anti-Mosquito Spray, 
esta b lish m en ts  were using a pyrethrum in s e c t i c id e  spray for  
’ f l i t t i n g *  l i v i n g  accommodation at su n se t .  This was a 
lab oriou s p r o c e s s ,  and i t  was d i f f i c u l t  to get i t  ca r r ie d  
out e f f i c i e n t l y  in  the numerous d o rm ito r ie s .  The DDT 
co n ta in in g  Anti-M osquito Spray was is su e d  in  l i e u  of the  
former l iq u id ,  but only a sm all q u a n tity  was used fo r  reasons  
which w i l l  be g iven  s h o r t ly .
The 5%  R esidual Spray was issu e d  on Monday, 25th  
June, and w a ll  spraying of e s ta b lish m en ts  commenced. I t  
took th e  spraying teams a fo r tn ig h t  to  complete the f i r s t  
spraying .
The e f f e c t  of the r e s id u a l  spraying  was immediately  
apparent; b i t e s  from s a n d f l ie s  and other blood sucking in s e c t s  
were much reduced in  number. There was a lso  a con sid erab le  
red u ction  in  the number of h o u s e f l i e s  which r e s u lte d  in  l e s s  
annoyance to a l l  and was much a p p r ec ia te d . This redu ction  
in  f l i e s  in  th e  naval e s ta b lish m en ts  has been c r e d ite d  w ith  
the low s ic k n e s s  ra te  from dysentery  and g a s t r o - e n t e r i t i s  in  
194-5* The k i l l i n g  of th e  la r g er  in s e c t s  provided ample 
proof o f  the to x ic  e f f e c t  o f  DDT, and numbers of i n s e c t s ,  dead 
or dying , were commonly seen on w in d o w -s i l l s  or in  corners of  
rooms. Verandahs, where form erly s i t t i n g  a f t e r  dusk was 
w e ll  n igh  im possib le  owing fco the p e r s i s t e n t  a t ta c k s  by 
s a n d f l i e s ,  a f t e r  the f i r s t  spraying w ith  R esidual Spray, 
became almost c l e a r .
During the two weeks that  the f i r s t  spraying  
was in  p ro g re ss ,  there was no dim inution in  the number of  
ca ses  occurring in  the shore es ta b lish m en ts  (Table 14 and 
Graph 2 ) .  T hereafter , the weekly case in cid en ce dropped 
to about  ^ Per thousand and, apart from a s l i g h t  r i s e  in  
e a r ly  September, gradually  d ec lin ed  u n t i l  the epidemic ended 
in  the f i r s t  weeks of October.
About m id-July i t  became apparent th a t  more and 
more persons in  the shore es ta b lish m en ts  were not using  th e ir  
sandfly  n e t s ,  and the  s i tu a t io n  was considered  w ith  a view to  
d ec id in g  whether to recommend s t r i c t e r  enforcement o f  the 
order th a t  a l l  naval personn el were to  s le e p  in  san d fly  n e t s .
The fo l lo w in g  p o in ts  were considered  ! -
(a) The summer was a very hot one and the n ig h ts  were warm
and calm. The overcrowded m esses (d orm itor ies)  were
very hot and humid. There was very l i t t l e  a ir  movement 
in  them and n^ fans were a v a i la b le .  In such c o n d it io n s ,  
s le ep  under a san dfly  n et was uncom fortable, d i f f i c u l t
and u n refresh in g .
(b) At HMS EUROCLYD01T, where th e  men were s le e p in g  in  
hammocks without n e t s  in  sprayed, g r o s s ly  overcrowded 
m esses, the incidence of sandfly  fe v e r  was no higher  
than in  s im ila r  es ta b lish m en ts  (Graph 5)*
(c) The WRITS, whose quarters were in  an area in  Sliem a, 
which had, in  p rev io u s  y e a r s ,  been h e a v i ly  in f e s t e d  
w ith  s a n d f l i e s  and where phlebotomus fe v er  had been 
p r e v a le n t ,  were having few ca ses  o f  the d is e a s e ,  
although  by m id-July large  numbers o f  them were not
using th e ir  san d fly  n e t s .  This was a t tr ib u te d  to the f a c t  
that the WRHS s le p t  in  th e ir  own q uarters every n igh t as a l l  
the h o te ls  and lod g in g-h ou ses  (except the YWCA) were out of  
bounds to the Women *s S e rv ic e s  for  s le ep in g  o u t .  On the 
other hand, the naval r a t in g s  were freq u en tly  given  overnight  
le a v e ,  and many of them spent th e  n ig h t  in  one or another o f  
the many sa i lo r s*  lod g in g-h ouses  in  V a le t ta  or Sliem a.
These lod g in g-h ouses were h e a v ily  in fe s t e d  w ith  s a n d f l i e s ,  
and se v er a l  la t e r  proved to be f o c i  o f  in f e c t io n .
(d) The re p o r ts  that few b i t e s  were r e ce iv ed  by persons not using  
th e ir  san d fly  n e t s .
With th e  above in d ic a t io n s ,  a l s o ,  owing to  the  absence  
of m alaria  in  Malta, and the much g rea ter  comfort which r e su lte d  
from s le e p in g  w ithout a n e t ,  the common-sense view was taken and i t  
was recommended th a t  th e  use o f  the sa n d fly  net should not be 
in s i s t e d  upon but l e f t  to the in d iv id u a l .  As the weeks passed  
and the weather grew h o t t e r ,  more people abandoned t h e ir  n e ts  
without any in crea se  in  the prevalence of  the i n f e c t io n .  Towards 
the end of August there was a s l i g h t  in cr ea se  in  the number of ca ses  
and s a n d f l ie s  appeared once more. During t h i s  time many s ta r ted  
to use t h e ir  n e ts  aga in , but the period  of a c t i v i t y  was sh o rt .
I t  i s  con sidered  th a t  the d e c is io n  to make the use o f  
the sa n d fly  net o p tio n a l was j u s t i f i e d .  Even in  th e  h o s p i ta l  the  
p a t ie n t s  were g iven  the cho ice  and i t  g r e a t ly  added to th e ir  com fort. 
Of cou rse , c a se s  o f  san d fly  f e v e r  were nursed under n e ts  for  the 
f i r s t  4-8 hours throughout the summer.
f i n a l l y ,  some a m p li f ic a t io n  on the su b jec t  o f  lo d g in g -  
houses i s  n ecessary  as these  prem ises formed, in  the l a t t e r  weeks
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of the epidem ic, the p la c e s  where the d ise a se  appeared to  
he freq u en tly  acqu ired .
In th e  i s la n d ,  48 lod g in g-h ou ses provided  
approximately 1,500 beds which 7/ere used by r a t in g s  from 
sh ip s  and es ta b lish m en ts  who wished to s le e p  ’ashore* when 
granted o ver -n igh t le a v e .  These p rem ises , being c i v i l i a n  
es ta b lish m en ts ,  came under the M altese Government P ub lic  
Health A uthority  for  sa n ita ry  c o n tr o l .  The Haval Provost  
M arshall had powers to  put any lod ging-house out o f  bounds 
to naval personnel should the hygiene or c l e a n l in e s s  bp 
reported  as u n s a t is fa c to r y  a t  any time by th e  Haval Health  
O ff ic e r ,  b u t, g e n e r a l ly  sp eak in g , the hygiene was good*
The d orm itor ies  and th e  beds were kept c le a n ,  and fr e sh  
laundered s h e e ts  were provided for  each bed every time it 
was occupied by a d i f f e r e n t  boarder. Verminous in f e s t a t io n  
was r e l a t i v e l y  uncommon. However, in s p i t e  of t h e ir  
c l e a n l in e s s ,  most of th ese  lod g in g -h ou ses  were in f e s t e d  with 
s a n d f l i e s .  They were in  the congested  townships o f  V a le t ta  
and Sliem a, o f te n  in  c lo s e  proxim ity  to areas o f  rubble and 
d e v a s ta t io n .  The beds in  which the r a t in g s  s l e p t  were, fo r  
the most p a r t ,  in  d orm itor ies  on th e  f i r s t ,  second and third 
f lo o r s  o f  the b u i ld in g s .  Hone of th e  lod g in g-h ou ses  were 
equipped w ith  sa n d fly  n e t s .  T h erefore , apart from the  
s l i g h t  p r o te c t io n  given by n a tu ra l a ir  c u r r e n ts ,  which could 
not have been g rea t  in  th ese  upstairs rooms owing to the 
proximity of other buildings, the naval ratings slept w ithout  
p r o te c t io n  from the attacks of phlebotomi and other blood 
sucking insects. Yet t h e  l o d g i n g - h o u s e s  were p o p u l a r  aa
many s a i l o r s  p referred  th e ir  coo ler  and roomier dorm itor ies  
as a change to the hot overcrowded m ess-decks o f  H.M. sh ips  
and so many o f  the  naval e s ta b lish m e n ts .
In the s e r i e s  of 5^0 ca ses  o f  phlebotomus fever  
described  under Immunity ( P« 8 5 ) two hundred and f i v e ,  (41 
per c e n t . )  s ta te d  th a t  th ey  had s l e p t  ashore w ith in  th e  14 
days preced ing the a t ta c k .  This f ig u r e  g iv e s  some in d ic a t io n  
o f  the number o f  naval r a t in g s  who used the lo d g in g -h o u ses .
This d id not apply to O ff ic e r s  and WKUSJ the former could  only  
s le ep  ■ashoref a t  the O f f i c e r s 1 Rest Gamp and the l a t t e r  at the 
YWCA; both h o s t e l s  were equipped with sa n d fly  n e t s .
As the epidemic con tinu ed , i t  became in c r e a s in g ly  
c le a r  that numbers o f  men were badly b i t t e n  w ith  s a n d f l i e s  in  
these  lo d g in g -h o u ses ,  and p a r t ic u la r  ones became undoubted f o c i  
of i n f e c t io n .  As stock s of DDT were l im ite d ,  the lo d g in g - 
houses run by vo luntary  b o d ie s ,  such a s  the YMCA, were sprayed, 
and a l s o  c e r ta in  o f  the p r iv a te ly  owned prem ises from which  
ca ses  were r e g u la r ly  appeared to be in f e c t e d .
Arrangements were d iscu sse d  w ith  the Chief  
Government Medical O ff ic e r  for  the spraying o f  lod g in g-h ou ses  
w ith  DDT in  succeeding y e a r s .
There i s  no doubt th a t  a con sid erab le  number of
naval r a t in g s  acquired the fe v er  w h i ls t  s le e p in g  in  lod g in g -
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houses in  V a le t ta  and Sliem a. The om ission  of the spraying  
o f  lod g in g -h ou ses  from the scheme fo r  p rop hy lax is  o f  phlebotomus 
fev er  was probably the cause o f  the t o t a l  number of c a s e s  being  
higher than i t  need have been. The le s so n  was learned  too  
la t e  fo r  i t  t o  be f u l l y  corrected  in  194-5» but i t  was recorded
and arrangements d isc u sse d  fo r  w a ll  spraying of the lo d g in g -  
houses in  fu ture y e a r s .
SECTION 4 .  
RESULTS.
l 6 l
The data a v a ila b le  for  the 1944 outbreak was the 
weekly incidence of reported  ca ses  in  sh ip s  and the var iou s  
shore es tab lish m en ts  togeth er  v/ith th e  weekly s tren g th  in  the 
es ta b lish m en ts  during the epidemic p er io d . In a large  
outbreak l ik e  th a t  of 1944, w h i ls t  th e  re tu rn s or n o t i f i c a t i o n s  
of c a s e s  o f  phlebotomus fev er  probably gave a reasonably  
accurate p ic tu r e ,  th^y made no allowance fo r  ca ses  in  which  
d ia g n o s is  was a l t e r e d .
N o t i f i c a t io n s  of any in f e c t io u s  d ise a se  do not 
provide accurate m orbidity  s t a t i s t i c s  u n le ss  corrected  by the 
h o s p i ta l  d ia g n o s is :  th is  was done in  194*5.
As almost a l l  cases  o f  sa n d fly  fe v er  were admitted  
to  the R.N. H o sp ita l ,  HHHS MAINE or R.N. S ick  Quarters HMS 
EUBQCLYDON, the weekly re tu rn s  from th e  es ta b lish m en ts  were 
checked a g a in st  the h o s p i ta l  r e tu rn s  and allow ance made for  
in s ta n c e s  o f  a l t e r e d  d ia g n o s is .  Most of the  Medical O ff ic e r s  
in  the shore es tab lish m en ts  had been in  Malta during the  
p rev io u s  epidemic season and were fa m il ia r  w ith  the  c l i n i c a l  
syndrome, so t h e  number of ca ses  o f  a l t e r e d  d ia g n o s is  was 
sm all.
The Supply O f f ic e r s  of each e s ta b lish m en t k in d ly  
worked out a weekly average s tre n g th  for me from t h e ir  records  
o f  the numbers v ic t u a l l e d  d a i ly .  The range of the t o t a l  
weekly s tren g th s  v/as sm all,  the low est being 7 ,886  and the  
h ig h e s t  12,025> the m ajority  being around 10 ,000 . The 
a r ith m e tic  mean of the weekly p o p u la t io n s  fo r  the epidemic 
p eriod  v/as 9 >988.
For convenience, .the week was taken t o  end at
midnight each. Friday This a llow ed  the returns to he
c o l le c t e d  over the week-end and a weekly summary of the  
progress of the epidemic promulgated each Monda.y.
As the experiment v/as e s s e n t i a l l y  concerned w ith  
the prevention  of phlebotomus fev er  in  naval shore e s t a b l i s h ­
ments, the c a ses  occurring in  HM sh ips a t  Malta are not 
included  in  th e  d e t a i le d  a n a ly s is  of the r e s u l t s .  Table 12 
shows numbers of  c a ses  from HM sh ips and shore estab lish m en ts
in  1944 and 1945. Table 12.
Numbers of Cases from HM Ships and Shore E stab lishm ents
in  1944 and 194-5
Year T ota l number 
of c a s e s .
HM Ships  
Number of Cases
Shore es tab lish m en ts
Number of I 
c a s e s .
Percentage  
of t o t a l .
1944 3.505 710 2,795 79-7
I
1945 1,4-57 92 1,365 93-7
This tab le  in d icate®  that th e  in f e c t io n  in  both  
years mainly a f f e c t e d  the naval personnel l i v i n g  ashore .
Graph 1 and Table 13 show the weekly incidence of  
ca ses  in  the 1944 ep idem ic. The epidemic curve c l e a r ly  
i l l u s t r a t e s  the p o in ts  f i r s t  recorded by Whittingham and Rook 
( 1923  ^ and 1923^) regarding th e  course of an epidem ic of  
phlebotomus fever  in  M alta, namely that : -
(a) Two waves of the d isea se  occur an nu ally , each la s t in g  
three  to  four weeks.
(b) The f i r s t  wave occurs a t  the beginning of the hot weather
Weekly Incidence of Sandfly Fever 
in Shore Establishments in Malta. 
1944
Average Strength  of Shore E stab lishm ents -  8 ,0 1 0 .
Week ending In c id en ce -r a te  
per thousand
Jun. 9
.4
2 .4
'» 16 9 • 9
2 2^ 11*5
, . ”___3 0 ___ ___ _ _ 10*8
J u l .  7 2 9*br
" 14 29*7
" 21 26 *7
» 28 17-9
AUg. 4 ^  12-7
” 11 15*8
18 17*9
" 29 lo  • 8
Sep • 1 15 *3 __________
" 8 19 .2
_______ " _A5. ^ • 5
" 22 27-1
M 29 20 • 6
O ct. 6 • 12*0
______ " _ . 13____________________ "8*5~
M 20 ......................... .9*7 ......................
" 27
Nov. 1 4 -2
M 10 • 1 .4
In c id e n c e -r a te  per thousand for  2&idemic Period  = 349*
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and the second in  the autumn,- separated by a two months l u l l .
Whittingham (1938) claimed that th e  f i r s t  wave 
was caused by phlebotomi hatched from larvae which had survived  
the w inter and th a t  the autumn wave was due to  th e  second brood 
of i n s e c t s .  He based h i s  view on the fa c t  th a t  the  in te r v a l  
between the epidemic waves was about e ig h t  weeks, the approxi­
mate time required  for the phlebotomi to complete the l i f e  c y c le .
This graph i s  the ty p ic a l  epidemic curve for  
sa n d fly  fev er  in  the Mediterranean l i t t o r a l  (M ilne, 1945> and 
o t h e r s ) .
Table 14 and Graph 2 in d ic a te  the course of the  
epidemic in  1945* During th e  f i r s t  s ix  weeks of  the epidemic 
p er io d , th a t  i s  up to  th e  22nd June, 1945> when th e  DDT-contain- 
ing R esidual Spray became a v a i la b le ,  53 ^  c a ses  occurred in  the  
shore e s ta b lish m en ts  or 38*9 Per c e n t ,  o f  the  number of ca ses  
in  shore es ta b lish m en ts  during the ep idem ic. The graph shows 
how the in c id en ce  ra te  rose  during the two weeks th at  spraying  
was in  p ro g re ss ,  then w ith  th e  disappearance of s a n d f l ie s  from 
the sprayed naval prem ises , the in c id en ce  ra te  f e l l  sh arp ly ,  
and, fo r  the r e s t  of the ep idem ic, never exceeded 7 .2  per  
thousand.
There v/as a s l i g h t  r i s e  in  th e  in c id en ce  or 
a t ta c k -r a te  of the fev er  betv/een th e  17th  August and th e  7th  
September, 1945* During t h i s  period  s a n d f l ie s  became 
n o t ic e a b le  a g a in . In the weeks p r io r  to  t h i s ,  prolonged  
search es had been made in  the sprayed wards o f  the R.M.
H o sp ita l ,  but no phlebotomi could be found. At t h i s  time
three  phlebotomi were caught, of which two d ied  w ith in  an hour
Table 14.
Sandfly Fever Epidemic -  1945 
Weekly Incidence o f  Cases.
Week T otal Gases Hate Gases J Cases Army RAF
ending llaval Shore per HM WHITS Rate Rate
ca ses E s t 1 1000 Ship s per per
ments. 1000 1000
May 18 12 12 1*2 0*411 25 -90 . 79. _ . 7-9 | 11 0*1 2*2
Jun 1 103___ . 99_ .. ... 9 -9 .... 4 _ _ 2 0_*1 2 ."5-------ti 8 ' n o 110 11*0 _ _ 3 ^ 1*6 r.3-61 145 145 1 4 .5 - L .  2 j 1*8 3*0ti 22 9.2 86 8*6 A ^ 2 -4 3^41 29 .. 119 _ i l l l i . l . 3 -1 4*5
Jul 6 . 136 131 A 3 - 0 5 r  2 L l 3 j 3 d 4*^1 02 67 r  6 .7 15 J ; 1-7 2-41 20 60 " 46 4* 6 14 2 L . 1-2 1*01 27 5 5 1 2 “ 45“ 4 .8 5 . 3 2 .5 “ 2^ “ ....
Aug 3 . _ _ f._  54 . 5*4 - 2 2 .2 2*9n 10 60 j . lj6 _. 5 * A . 4 2 2 .0 2*91 17 .  _J7  . ... 33 . . . . . . 4 1 1 0 .9 2.31 24 65 _ 6.5 - . 3 L .2 .5 3 .21 31 72 L  . i l  . 8 .o 4 4 2 .0 4 .0
Sept 7 74 72 7 .2 2 3 i75“ 378 "ti 14 . .32 . u_ _ 2 9 . 2-9 L_ 3 - 3 . . 1 .15 2 .3ti 21 26 24 2 .4 2 2 0 .0 5 i . i1 28 20 1? 1.5 5 - - I . IOct 5 8 O 0 .8 - - 0 .03 0 .9  !n 12 7 7 . ..... ....0 .7  . . . - - - 0 .3
TOTALS 1437 1365 92 47
Average Weekly S trength  o f  Shore E stab lishm en ts = 9 , 988 .
/
In c id en ce -ra te  per thousand fo r  Shore E stab lishm en ts -  136«5*
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but one was induced to take a blood feed  and remained a l iv e  
in  c a p t iv i t y  f o r  s e v e ra l  hours; u n fortu n ate ly  i t  escaped.
I t  i s  my subm ission that t h i s  s l i g h t  in crea se  
during la t e  August and e a r ly  September v/as the much reduced  
second wave of the epidemic and th a t  t h i s  redu ction  was la r g e ly  
due to th e  spraying of the in s id e s  o f  l i v i n g  rooms in  the  naval 
shore e s ta b lish m en ts  w ith  DPT R esidual Spray.
The other p rev en tiv e  measures - n e t s ,  i s o l a t io n  
o f  ca ses  and ’f l i t t i n g *  o f  accommodation w ith  an in s e c t i c id e  
spray, were a l l  in  a c t io n  from the beginning o f  th e  outbreak, 
but th ese  seemed o f  l i t t l e  a v a i l  in  checking th e  rap id  spread  
o f  th e  d is e a s e .  No doubt th ese  measures p layed  a part in  
reducing th e  number of ca ses  in  th e  f i r s t  weeks.
The san d fly  n e ts  must have given  con sid erab le  
p r o te c t io n .  During May and June p a t ie n t s  seen w ith  numerous 
in s e c t  b i t e s  on t h e ir  b o d ie s  freq u en tly  s ta te d  th a t  they had 
s le p t  w ithout using th e  san dfly  n e ts  or had thrown them o f f  
during the n igh t due to th e  s t u f f i n e s s  caused. Many new­
comers who t r ie d  s le e p in g  w ithout n e ts  or w ithout a d ju st in g  
them p ro p er ly , were badly b i t t e n  as a r e s u l t ,  and se v e r a l ,  in  
my acquain tance, developed phlebotomus f e v e r .
’F l i t t in g *  w ith  an in s e c t i c i d e  l iq u id  was going on 
to a l im ite d  e x t e n t ,  b u t, due to  th e  labour in vo lved  in  spraying  
large mess decks, t h i s  was never very thoroughly ca rr ied  o u t.  
A fter  the e f f e c t iv e n e s s  o f  the w a ll  spraying was. ap p rec ia ted ,  
p r a c t i c a l l y  no ’f l i t t i n g ’ was done.
The value of prompt i s o l a t i o n  o f  c a s e s  away from 
the overcrowded es ta b lish m en ts  i s  obvious, but the e x te n t  to
which the measure was e f f e c t i v e  in  194-5 cannot he estim ated*
I t  i s  worth recording t h a t ,  in  1944, the Submarine Base HMS 
MEDWAY XI nursed most of the ca ses  of phlebotomus fever  which 
occurred in  the estab lish m en t in  a gloomy dormitory which was 
converted in to  a temporary san d fly  fev er  ward w ith  80 beds*
This ward v/as in  the midst o f  the  r a t i n g s ’ l i v i n g  accommodation. 
When i t  was mooted in  194-5 to use t h i s  dormitory aga in , the  
su ggestion  was r e s i s t e d  on the grounds th a t  i t  provided a 
focus o f  in f e c t io n  in  the m idst o f  an overcrowded barracks.
I t  i s  my op in ion  th a t  t h i s  dormitory was probably the  main 
source of  the in f e c t io n  of the s a n d f l ie s  in  HMS MEDWAY I I * 
and a l s o  a llow ed  a heavy in f e c t io n  o f  the breeding grounds 
in  t h i s  area to  occur. For t h i s  reason HMS MEDWAY I I  was 
a hotbed of the d ise a se  in  1944 and aga in  in  194-5 (Graph 5)*
In Graph 3 * the in c id en ce  r a te s  fo r  corresponding  
weeks o f  1944 and 1945 are p lo t t e d .  The t o t a l  weekly r a i n f a l l  
and the weekly mean maximum temperatures are a lso  g iv e n .
The graphs i l l u s t r a t e  the f l a t t e n in g  o f  the second  
wave of th e  d ise a s e  and the much lower in c id en ce  in  1945*
The m ete o r o lo g ic a l  data shows th a t  the summer of  
1945 was h o tte r  and d r ie r  than the summer of 1944. Higher 
tem peratures a c c e le r a te  the l i f e - c y c l e  o f  phlebotomus 
(Whittingham and Rook, I 9232 ; Young, Richmond and Brendish, 
1926) .  S u f f i c i e n t  m oisture i s  apparently  always a v a i la b le  
to m aintain  the humid m icro -c lim ate  requ ired  in  the breeding  
grounds by evaporation  from the s o i l  and the heavy dew which 
f a l l s  in  p la c e s  w ith  s u b - tr o p ic a l  maritime c l im a te s  l ik e  Malta 
(V/hittingham 1938) .  I t  i s  g e n e r a l ly  b e l ie v e d  th a t  h o t ,  dry
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summers are most favourable to the appearance o f  large  
numbers of s a n d f l i e s .
The higher tem peratures in  May, 1945> s a t i s f i e d  
the earth  temperature requirement o f  over 60° P. and allow ed  
the in s e c t s  which had passed  the w inter in  the fo u r th  la r v a l  
stage  to  complete t h e ir  l i f e  c y c l e \ t h i s ,  in  my view , accounted  
fo r  the e a r l i e r  appearance o f  ca ses  in  1945*
Table 15 g iv e s  the monthly in c id en ce  o f  ca ses  in  
the two y ea r s .  In 1944 the peak months were Ju ly  and 
September, w h i ls t  in  1945 > the h ig h e s t  in c id en ce  occurred in  
June, and from then onwards the in c id en ce  f e l l .
Graph 4 and Table 14 g iv e  the weekly in c id en ce -  
r a te s  per thousand fo r  san dfly  fev er  in  the  three  S e rv ice s  in  
Malta during 1945. The epidemic curves fo r  Army and HAP 
correspond roughly w ith  th a t  o f  the Havy, b ut, in  the other  
two S e r v ic e s ,  the a t ta c k -r a te  was much low er. The fo l lo w in g  
a re , in  my v iew , the main reason s for  t h i s  lower in c id en ce  in  
the Army and HAP.
a .  B e tte r  l i v i n g  accommodation.
The Army was la r g e ly  accommodated in  modern 
barracks on a promontory over look ing  S t .  George’ s Bay (Map 2) 
and c le a r  o f  th e  badly bombed Grand Harbour a rea . The rubble  
from bomb damage had almost e n t i r e l y  been c le a re d  up by 1945. 
The HAP, as a r e s u l t  o f  the red u ction  in  numbers of personnel  
on th e  I s la n d , was w e l l  housed, mainly a t  the a i r f i e l d s  o f  
LUQA and HAL PAH. P r io r i t y  had been g iven  to  p u t t in g  the  
badly bombed a i r f i e l d s  in  working order , and t h i s  included  
rubble c learan ce  and p r o v is io n  o f  new l i v i n g  .accommodation
Table 15 .
Monthly Incidence o f  Cases in  1944 and 1945.
m i m i
1944 1 1945
Humber 
o f  Cases
1 !In c id en ce-  i Humber In c id en ce-
ra te  per j o f  Cases [ ra te  per
thousand j thousand
May - _ i[
91 j
;
»
9 .1  |
9
June 254 3 1 .8  !
»
\_ . . .---------- ii
551 55-1 |
Ju ly 794 9 9 .2  j
i
292 2 9 .2  | 
f
August 674 8 0 .9  | 276 2 7 .6  j
1
September 805 100 .7  I 
1
140 14.0
i
October 295 3 6 .9  i 15 1*5
TOTAL 2795 - 1365
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v/here required* A lso , as the a i r f i e l d s  were in  the centre  
of the is la n d  and somewhat exposed, s a n d f l ie s  were not so 
troublesom e. At the naval a i r f i e l d  at Takali (Map 2) the 
in c id en ce  of san d fly  fev er  was low (Graph 5) i n  s p i t e  o f  the  
overcrowded l i v i n g  c o n d it io n s .
b . More seasoned p erson n el.
In the Army and the  RAP, the overseas  tour of 
se r v ic e  was four to f iv e  y ea r s ,  w h i ls t  in  the Navy the overseas  
commission la s t e d  approximately two and a h a l f  y e a r s .  As a 
r e s u l t ,  in  1945, large numbers of Army and RAP personnel had 
spent se v era l  seasons in  the Mediterranean area: a l s o ,  w h i ls t  
the other two S e rv ices  were reducing t h e ir  s tren g th s  in  M alta, 
the Navy was in c r e a s in g  in  numbers due to  the  Base being used 
for  preparing sh ip s  for the Par East campaign.
c .  The r e l a t i v e l y  higher number of M altese on the s tren g th s  
o f  th e  Army and RAP in  Malta, which r a ise d  the herd immunity 
in  those  S e r v ic e s  and helped to  reduce the in c id e n c e .
Por 1944, s im ila r  epidemic curves were obta ined , 
showing th e  in c id en ce  of the d ise a se  in  the Navy to  be co n s id er ­
ab ly  the h ig h e s t ,  the RAP next and th e  Army lo w e s t .
The three S e r v ic e s  re c e iv e d  t h e ir  su p p l ie s  o f  
DDT at th e  same time in  I 945 , but in  the Army and RAP, no w a ll  
spraying d ir e c te d  s p e c i f i c a l l y  a g a in s t  s a n d f l i e s  was ca rr ie d  
out as the other S e r v ic e s  had not s u f fe r e d  so badly as the 
Navy in  th e  p rev ious y e a r .  Table 16 shows that the in c id en ce  
ra te  r a t io  between tfce Navy and th e  other S e r v ic e s  in  the  
second peak of th e  epidemic was ap preciab ly  reduced and, as 
no other known circum stances changed, t h i s  tends to  su ggest
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Table 16.
I9±5_
Average In c id e n c e -r a te s  o f  the three S erv ices  
for  the two peak p er io d s
and r a t io s  o f  the in c id e n c e -r a te s  
compared with Army.
P ir s t  Peak 
15 June to
f
Period
13 J u ly . \
i
Second Peak P eriod  
17 Aug. to  14 Sep.
■ —  -  . 1 1.— ■ .......................
Average 
In c id en ce -r a te  
per thousand 
fo r  p er io d .
R atio to  
Army 
in c id en ce -  
rate  •
Average 
in c id e n c e -r a te  
per thousand 
fo r  p er iod
Ratio to  
Army 
in c id en ce -  
r a t e .
A M 2 .4 1.0 1 .6 1 .0
RAP 3*5 1.5 3 .1 1 .9
HAVY 10.8 4*5 5.3 3-3
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that th e  DDT w a ll  spraying campaign in  Naval shore e s t a b l i s h ­
ments was re sp o n sib le  fo r  th e  reduction*
The incidence of th e  in f e c t io n  in  the in d iv id u a l  
shore e s ta b lish m en ts  i s  g iven  in  Table 17 and Graph 
•murfl mbimay I I ,  the Submarine B ase , which a l s o  served  as a 
t r a n s i t  camp, su ffer ed  m ost. This estab lish m en t was in  the
b u ild in g s  which were form erly the  Lazaretto  and Quarantine 
S ta t io n  o f  the Knights o f  M alta. The old  wards in  the  
h o s p i ta l  or la z a r e t to  part of the prem ises were used as  
l i v i n g  accommodation for o f f i c e r s  and some of the r a t in g s ,  
w h ils t  most of the r a t in g s  l iv e d  on mess decks in  the former 
merchandise storehou ses of  th e  Quarantine S ta t io n ,  where, in  
bygone days, a l l  merchandise was kept fo r  a f ix e d  period  
before being a llow ed  to pass in to  the p o s s e s s io n  o f  the  
in h a b ita n ts  of  M alta. These storeh ou ses ( l o c a l l y  known as 
c a v a l ie r s )  were o f  con sid erab le  le n g th , and had arched  
c e i l i n g s  about 50 f e e t  h igh . The d i f f i c u l t i e s  o f  spraying
such compartments are obvious.
Camarata Barracks, an estab lish m en t which was 
used fo r  communications, r a t in g s  and tr a n s ie n t  r a t in g s ,  a lso  
had large d o rm ito r ies  w ith  high c e i l i n g s  and was s i tu a te d  in  
V a le t ta  c lo s e  to some of the worst bomb damage on th e  i s la n d .
HMS EURQCLYDUN fared  b e t te r  than was exp ected ,  
v/hich, in  my o p in io n , was mainly due to  the thorough spraying  
of the mess decks w ith  the R esidual Spray. In t h i s  e s t a b l i s h ­
ment, the c e i l i n g s  in  th e  mess decks were 12 f e e t  h igh  -  much 
lov/er than normal f o r  M altese b u ild in g s  - so the w a l ls  and the 
a d jo in in g  p a r ts  o f  the c e i l i n g s  could  be sprayed without
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Table 17.
In c id en ce -r a te  per thousand  
fo r  each shore estab lish m en t  
in  th e  epidemic area .
Establishm ent In c id en ce -r a te  per thousand.
HMS MEDWAY II 371.0
CAMARATA 268.3
HMS EUROCLYEON 213.0
WBNS 156.7
HMS PAREHAM 125*0
HMS gregaie 92*5
HMS EURO CLYDON II 70 .0
PORT RICASALI 68*0
HMS GOLDPINCH 59.6
PORT ST. AHGELO 23.3
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Ineidence-rate per thousand 
in each Shore Establishment 
during the Epidemic Period.
E s t a b l i s h m e n t .
d i f f i c u l t y .
The very low f ig u r e  fo r  10RT ST. AETGELO was 
due to th e  large  number o f  M altese r a t in g s  borne. This 
estab lish m en t has served fo r  a number of years as the depot 
fo r  M altese naval p erso n n e l.
SOHHARY
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SUMMARY*
Phlebotomus fe v e r  i s  a d ise a s e  of M ilita ry  
im portance5 i t  can in c a p a c ita te  large  numbers o f  troops  
fo r  7 to 14 days, o f te n  when t h e ir  s e r v ic e s  may be needed  
most*
The e x i s t i n g  knowledge o f  the d ise a se  has been 
review ed. P a r t ic u la r  a t t e n t io n  has been paid  to  th e  l i f e  
h is to r y  and bionomics of the v e c to r ,  Phlebotomus p a p a t a s i i ,  
as th is  i s  the foundation on which th e  scheme o f  prop hy lax is  
has been b u i l t .  Russian re sea r ch , which s tr o n g ly  supports  
the theory o f  h ered ita ry  tran sm iss ion  of the v ir u s  from the  
a d u lt  f l y  to the egg , has been d is c u s s e d .  An account has 
been g iven  o f  ex ten s iv e  work done in  India, and R ussia on 
the c u l t iv a t io n  o f  the v ir u s  and th e  prep aration  o f  a p r o te c t iv e  
vacc in e  a g a in st  phlebotomus f e v e r .  P r io r  to  the advent of  
DPT, in d iv id u a l  p r o te c t io n  by means o f  a vacc ine  o f fe r e d  the  
most hopefu l means o f  co n tr o l  o f  t h i s  f e v e r .
C l in ic a l  and e p id e m io lo g ic a l  ex p er ien ce s  in  the  
1945 outbreak in  Malta have been rep orted , to g e th e r  w ith  
o b serv a tio n s  on the c l i n i c a l  course o f  the d is e a s e  in  a 
s e r i e s  of 1^3 c a se s  tr e a te d  in  th e  R.U. H o sp ita l .
In a s e r i e s  o f  500 ca ses  in  1945, second a t ta c k s  
occurred in  7*8 per c e n t . ,  and th ir d  a tta ck s  in  0«8 per ce n t ,  
of c a s e s .  Persons who had s u f fe r e d  from the d is e a s e  in  
p rev iou s  years  were a lso  a t ta c k e d .
T e s t s  w ith  dim ethyl p h th a la te  gave favourable  
im pressions of the use of t h i s  substance as a r e p e l le n t  to
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Phlebotomus p a p a ta s l i  and as  a u se fu l  a n t i - s a n d f ly  measure 
fo r  persons l ik e  s e n t r ie s  whose d u t ie s  caused them to  have 
to stand about o u t-o f-d o o r s  during the hours o f  darkness.
The recommended p rev en tiv e  measures a ga in st  
phlebotomus fever  have been d isc u sse d . Control of t h i e  
d is e a s e ,  e s p e c ia l l y  under a c t iv e  s e r v ic e  c o n d it io n s ,  has 
always been n o to r io u s ly  d i f f i c u l t .  The recogn ised  
p reven tive  measures in  so far a s  they  could be employed 
f a i l e d  to  check th e  epidemic in  1944. DDT was used as  
the main p rev en tiv e  measure in  1945 with s u c c e s s .  The 
method employed was w a ll  spraying w ith  a so lu t io n  o f  5 per 
c e n t .  DPT in  kerosene in  a dosage of 56 mgm DDT per square 
f o o t ,  a t  s ix  weekly in t e r v a l s .  This gave almost complete  
co n tr o l  o f  s a n d f l i e s  in d oors , and, fo r  the l a t t e r  part o f  
the ep idem ic, other means of p r o te c t io n ,  such a s  the use o f  
san d fly  n e t s ,  were not in s i s t e d  upon. A fter  spraying was 
s ta r te d  there was a redu ction  in  the number of c a se s  and the 
second peak of th e  d ise a se  was con sid erab ly  m o d if ied . The 
c h ie f  advantages o f  the DDT spray were i t s  cheapness, economy 
of labour and i t s  s u i t a b i l i t y  for  d ea lin g  w ith  temporary 
q u arters .
CONCLUSIONS.
1 . Epidemic tendency .
In areas where phlebotomus fe v e r  i s  endemic, the  
c h ie f  f a c t o r s  which govern the tendency fo r  the d ise a s e  to  
become epidemic a r e : -
(a) V aria tion  in  the environm ental and m e te o r o lo g ic a l
c o n d it io n s  a f f e c t in g  the numbers o f  in fe c te d  
P. p a p a ta s i i  which reach  maturity*
(b) The numbers o f  s u s c e p t ib le  persons in  the area*
2. Immunity.
One a t ta c k  o f  phlebotomus fev er  g iv e s  immunity 
to  most in d iv id u a ls  for  the epidemic p er io d , but the immunity 
i s  not la s t in g  and a tta c k s  can occur in  subsequent y ea r s .  
Second a t ta c k s  and r a r e ly  th ir d  a t ta c k s  may occur in  one 
person during the  same epidemic p er io d .
3• Dimethyl P th a la te .
Dimethyl p h tha la te  appears to be an e f f e c t i v e  
r e p e l le n t  to P. p a p a t a s i i ,  and should prove u s e fu l  fo r  the  
p r o te c t io n  o f  persons exposed to the a t ta c k s  o f  s a n d f l i e s .
4• Impregnated mosquito n e t t i n g .
Mosquito n e t t in g  impregnated w ith  DDT appears 
to be an e f f i c i e n t  san d fly  b a r r ie r  and could be used to  
rep lace the c lo s e  mesh san d fly  n e t .
5• T o x ic ity  o f  DDT*
There i s  l i t t l e  danger o f  to x ic  e f f e c t s  from 
DDT when used as a 5 per c e n t ,  spray in  k erosen e , and w ith  
reasonable  ca re , p r o te c t iv e  c lo th in g  need not be worn. 
I r r i t a t i o n  o f  th e  sk in  from the kerosene v e h ic le  can occur.
Spraying the in s id e  o f  living accommodation 
w ith  5 per cent. DDT in kerosene gives such a high  degree  
o f c o n tr o l  of sandflies that other anti-sandfly measures 
may be relaxed. In reg io n s  w h e r e  malaria a n d  s a n d f l y  
fever are both e n d e m i c ,  i t  i s  s u g g e s t e d  t h a t ,  i n  s p r a y e d
s le e p in g  q u a r ters , a mosquito net impregnated w ith  DDT 
w i l l  g ive  complete p r o te c t io n .
DDT should not become the so le  means of a ttack  
a g a in s t  phlebotomus. A high standard o f  hygiene and the  
e l im in a t io n  o f  san dfly  breeding grounds in  barracks remains 
as the most important long term p rev en tiv e  measure.
A l l  s le e p in g  accommodation, in c lu d in g  h o s t e l s  
and lo d g in g -h o u ses ,  must be included  in  the w a ll  spraying  
programme fo r  the e f f e c t i v e  co n tro l  o f  phlebotomus f e v e r .
-LC/_)
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